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The U.S. Department of State (DOS) has issued for public review and comment the supplemental draft 
environmental impact statement (SDEIS) for the Keystone XL Project (the Project).  DOS is the lead 
federal agency for the National Environmental Policy Act (NEPA) process.  Cooperating agencies include 
the U.S. Army Corps of Engineers; the U.S. Department of Agriculture –Natural Resources Conservation 
Service, Farm Service Agency, and Rural Utilities Service; the U.S. Department of Energy, Western Area 
Power Administration; the U.S. Department of the Interior – Bureau of Land Management, National Park 
Service, and U.S. Fish and Wildlife Service; the U.S. Department of Transportation, Pipeline and 
Hazardous Materials Safety Administration, Office of Pipeline Safety; the U.S. Environmental Protection 
Agency; and the Montana Department of Environmental Quality.   
 
The proposed action is to construct and operate a crude oil pipeline and related facilities at the 
international border and continuing into the United States to transport Western Canadian Sedimentary 
Basin (WCSB) crude oil and other crude oils to a proposed tank farm in Cushing, Oklahoma, and to 
delivery points in the Port Arthur and east Houston areas of Texas.  The proposed pipeline would traverse 
Montana, South Dakota, Nebraska, Oklahoma, and Texas, with localized facilities constructed on an 
existing segment of pipeline in Kansas.   
 
DOS issued a draft environmental impact statement (EIS) for public review on April 16, 2010.  After the 
draft EIS was issued, additional information became available related to the proposed Project and its 
potential environmental impacts.  To provide the public with the opportunity to review this information 
and to ensure openness and transparency in the NEPA environmental review process of the proposed 
Project, DOS has issued an SDEIS.   
 
DOS invites interested parties to comment on the SDEIS during the 45-day comment period, which will 
end on June 6, 2011.  DOS requests that comments be limited to the subject matter addressed in the 
SDEIS.  Commenters do not need to resubmit their earlier comments on the draft EIS.  DOS will consider 
all comments received during the comment period in preparation of the final EIS.  Comments postmarked 
after the close of the comment period will be considered to the extent practicable.  DOS prefers that 
comments be submitted to website: http://www.keystonepipeline-xl.state.gov - Click on the “How To Get 
Involved” link on the left side of the webpage.  Comments may also be submitted via email: 
keystonexl@cardno.com; by mail:  Keystone XL EIS Project, P.O. Box 96503-98500, Washington, D.C. 
20090-6503; or by fax: 206-269-0098.   
 
The SDEIS is available at public libraries in the vicinity of the proposed route and is available for 
download on the project website: www.keystonepipeline-xl.state.gov.  For further information on the 
Keystone XL Project EIS please contact Alexander Yuan using the contact information provided below.   
 
Alexander Yuan 
NEPA Coordinator, Keystone XL EIS Project Manager 
U.S. Department of State, OES/ENV Room 2657 
Washington, DC 20520 
Telephone: 202-647-4284   
Website:  www.keystonepipeline-xl@state.gov 
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April 15, 2011 
 
Subject:  Keystone XL Project – Supplemental Draft EIS  
 
To:  All interested parties 
 
The U.S. Department of State (DOS) has issued a supplemental draft environmental impact statement 
(SDEIS) for the Keystone XL Project (the Project) for public review and comment.  DOS is the lead 
federal agency for the National Environmental Policy Act (NEPA) process.  Cooperating agencies include 
the U.S. Army Corps of Engineers; the U.S. Department of Agriculture –Natural Resources Conservation 
Service, Farm Service Agency, and Rural Utilities Service; the U.S. Department of Energy, Western Area 
Power Administration; the U.S. Department of the Interior – Bureau of Land Management, National Park 
Service, and U.S. Fish and Wildlife Service; the U.S. Department of Transportation, Pipeline and 
Hazardous Materials Safety Administration, Office of Pipeline Safety; the U.S. Environmental Protection 
Agency; and the Montana Department of Environmental Quality.   
 
The proposed action is to construct and operate a crude oil pipeline and related facilities at the 
international border and continuing into the United States to transport Western Canadian Sedimentary 
Basin (WCSB) crude oil and other crude oils to a proposed tank farm in Cushing, Oklahoma, and to 
delivery points in the Port Arthur and east Houston areas of Texas.  The proposed pipeline would traverse 
Montana, South Dakota, Nebraska, Oklahoma, and Texas, with localized facilities constructed on an 
existing segment of pipeline in Kansas.   
 
DOS issued a draft environmental impact statement (EIS) for public review on April 16, 2010.  After the 
draft EIS was issued, additional information became available related to the proposed Project and its 
potential environmental impacts.  To provide the public with the opportunity to review this information 
and to ensure openness and transparency in the NEPA environmental review process of the proposed 
Project, DOS has issued an SDEIS.   
 
The SDEIS has been prepared and circulated consistent with requirements of the Council on 
Environmental Quality NEPA regulations and DOS guidelines (Using Existing Environmental Analyses).  
It includes copies of new reports and other documents relevant to the proposed Project and revisions to 
portions of the draft EIS.  To focus public attention on the topics that DOS determined would be of value 
for additional review, the SDEIS provides only information directly or indirectly related to those reports 
and other new information and does not include all sections that were presented in the draft EIS.  
However, the SDEIS incorporates the draft EIS by reference consistent with CEQ NEPA regulations.  
Both the draft EIS and SDEIS are available for download from the DOS Keystone XL Project-related 
website (www.keystonepipeline-xl.state.gov).  Paper copies of these documents are available at public 
libraries along the proposed route, and include maps and figures.  
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A list of libraries that have received a copy of the SDEIS is attached to this letter.  If your local library 
does not have a copy and would like one, please contact the undersigned. 

DOS invites interested parties to comment on this SDEIS during the 45-day comment period which will 
begin on April 22, 2011 when EPA publishes a Notice of Availability (NOA) in the Federal Register and 
will end on June 6, 2011.  DOS requests that comments be limited to the subject matter addressed in the 
SDEIS.  Commenters do not need to resubmit their earlier comments on the draft EIS.  DOS will consider 
all comments received during the comment period in preparation of the final EIS.  Comments postmarked 
after the close of the comment period will be considered to the extent practicable.   
 
DOS prefers that comments be submitted to the Project website: http://www.keystonepipeline-
xl.state.gov.  At that site, click on the “How To Get Involved” link on the left side of the webpage for 
directions on submitting comments.  Comments may also be submitted using any of the following 
methods: 

• Email:  keystonexl@cardno.com 
• U.S. mail:  Keystone XL EIS Project, P.O. Box 96503-98500, Washington, D.C. 20090-6503 
• Fax:  206-269-0098 

 
Individual names and addresses (including e-mail addresses) received as part of comment documents on 
this SDEIS normally are part of the public record.  Anyone who wishes to have his/her name, address, or 
other identifying information withheld from the public record must state this request prominently at the 
beginning of any comment document.  DOS will honor the request to the extent allowable by law.  All 
submissions from organizations, businesses, and from individuals identifying themselves as 
representatives or officials of organizations or businesses will be included in the public record and open to 
public inspection in their entirety. 
 
For further information on the Keystone XL Project SDEIS please contact me using the contact 
information provided below.   
 
Sincerely,  

 
Alexander Yuan 
NEPA Coordinator, Keystone XL Project EIS Project Manager 
U.S. Department of State, OES/ENV Room 2657 
Washington, DC 20520 
Telephone:  202-647-4284   
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EXECUTIVE SUMMARY 

TransCanada Keystone Pipeline, LP (Keystone) applied to the U.S. Department of State (DOS) for a 
Presidential Permit for the proposed construction, connection, operation, and maintenance of a pipeline 
and associated facilities at the United States border for importation of crude oil from Canada.  The 
Keystone application is for its proposed Keystone XL Project (the proposed Project).  Keystone also filed 
a right-of-way application under Section 28 of the Mineral Leasing Act of 1920 (MLA), as amended with 
the Bureau of Land Management (BLM) for the proposed Project across federal lands.  DOS served as the 
lead federal agency for the environmental review of the proposed Project under the National 
Environmental Policy Act (NEPA), and issued a draft environmental impact statement (EIS) for public 
review on April 16, 2010.  The public comment period for the draft EIS closed on July 2, 2010. 

After the draft EIS was issued, new information and additional information became available on the 
proposed Project and on issues and resources related to the potential impacts of the proposed Project.  To 
provide the public with the opportunity to review this information and to ensure openness and 
transparency in the NEPA environmental review process of the proposed Project, DOS has issued this 
supplemental draft EIS (SDEIS).  While Secretarial Order 3310 Protecting Wilderness Characteristic on 

Lands Managed by the BLM was issued after publication of the draft EIS by Interior Secretary Salazar on 
December 22, 2010, the analysis of the implications of the Order on the proposed Project is ongoing.   
BLM will comply with the Order implementation in its processing of the Keystone application under the 
MLA. 

Adequacy of the Draft EIS 

The draft EIS was developed in compliance with the scoping process required under NEPA and in 
compliance with the Council on Environmental Quality (CEQ) NEPA regulations.  It includes relevant 
issues raised by the public and the agencies during the scoping period.  DOS received thousands of 
comments on a wide variety of topics addressed in the draft EIS during the draft EIS comment period.  
Some commenters expressed concern that the draft EIS did not provide a sufficient analysis of the 
impacts of the proposed Project and requested that DOS issue an SDEIS for public review.   

As part of its continuing evaluation of the adequacy of the draft EIS, DOS analyzed the new and 
additional information that became available after the draft EIS was issued and made a preliminary 
determination that there are no significant new circumstances or information concerning the proposed 
Project or its potential impacts not already considered in the draft EIS.  The analysis further noted that 
while the range of alternatives to the proposed action considered in the draft EIS was sufficient to meet 
the requirements of NEPA, additional alternatives should be considered in response to public comments 
on the draft EIS.  DOS therefore determined that submitting the portions of the EIS that were revised to 
address the new and additional information and to address related comments on the draft EIS for public 
and agency review would further the purposes of NEPA.  As a result, DOS prepared and issued this 
SDEIS.     

Contents of the SDEIS 

The SDEIS has been prepared and circulated in compliance with CEQ NEPA regulations and DOS 
guidelines (Using Existing Environmental Analyses).  It includes copies of new reports and other 
documents relevant to the proposed Project and revisions to portions of the draft EIS.   
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To focus public attention on the topics that DOS determined would be of value for additional review, the 
SDEIS provides only information directly or indirectly related to those topics and does not include all 
sections that were presented in the draft EIS.  However, the SDEIS incorporates the draft EIS by 
reference in compliance with CEQ NEPA regulations.  The draft EIS is available for download from the 
DOS Keystone XL Project related website (www.keystonepipeline-xl.state.gov).  The SDEIS addresses 
the following key issues: 

Revised information on proposed Project facilities; design, construction and 
maintenance, regulatory requirements; and potential connected actions  

 Information on changes to the proposed Project facilities and construction of those facilities 
associated with withdrawal of the special permit application by Keystone and incorporation of the 
57 Project-specific Special Conditions recommended by the U.S. Department of Transportation, 
Pipeline and Hazardous Material Safety Administration (PHMSA) that would apply for the 
lifetime of the proposed Project (e.g., lower maximum throughput and lower operating pressure 
than in the draft EIS, revised pipe wall thicknesses, change to the distance between mainline 
valves, and changes to construction procedures addressed by the Special Conditions); 

 Relocation of the tank farm from Steele City, Nebraska to Cushing, Oklahoma;  

 Revisions to Operations and Maintenance information due to incorporation of the 57 Project-
specific PHMSA Special Conditions and in response to comments on the draft EIS, including 
additional information on the development and review of a Project-specific Emergency Response 
Plan;  

 Two additional non-federal connected actions, the Bakken Marketlink Project and the Cushing 
Marketlink Project, that were developed after the draft EIS was issued, and the potential impacts 
of implementation of those projects based on currently available information; and 

 Additional information on future plans and decommissioning. 

Additional information on groundwater, potential spill impacts, alternatives to the 
proposed Project, and environmental justice considerations 

 Additional information on potential impacts to groundwater due to an unintentional release of 
crude oil from the proposed Project, including additional information on the Northern High Plains 
Aquifer (NHPAQ) system, which includes the Ogallala aquifer, and the Sand Hills topographic 
region of Nebraska; 

 Assessments of additional potential alternatives developed after the draft EIS was issued, 
including additional system alternatives, additional route alternatives (including alternative routes 
developed to avoid or minimize the distances through the Sand Hills topographic region and areas 
overlying the NHPAQ system), pipeline design alternatives, and alternatives to the locations of 
aboveground facilities; and 

 Expanded information on environmental justice issues in response to EPA comments on the draft 
EIS. 

Additional information on crude oil composition, potential refinery emissions, and 
greenhouse gas (GHG) and climate change considerations 

 Additional information on the composition of the crude oil that would be transported by the 
proposed Project and comparisons of that crude oil to other crude oils currently being refined in 
Petroleum Administration Defense District (PADD) II and PADD III and revisions to the Oil 
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Spill Risk Assessment and Environmental Consequences section (that section has also been 
renamed to “Potential Releases from Project Construction and Operation and Environmental 
Consequence Analysis”); and 

 Additional information on GHG emissions associated with the proposed Project based on 
information provided in recently completed reports (described below).   

The main body of the SDEIS includes portions of sections of the EIS that have been revised to address the 
new and additional information, and in some cases, the entire section.  To provide the proper context for 
the expanded, updated, and new information relevant to the NEPA environmental review of the proposed 
Project, the following sections are included in their entirety: 

 Section 3.13 (Potential Releases from Project Construction and Operation and Environmental 
Consequences Analysis); and  

 Section 4.0 (Alternatives). 

Other sections of the SDEIS provide portions of revised EIS sections relevant to the topics listed above, 
including expansions of assessments of key environmental concerns that were included in the draft EIS 
and new information that was developed in response to comments on the draft EIS.  Section 1.0 has been 
reorganized to include new sections for the Presidential Permit review process (Section 1.3) and an 
overview of the crude oil market (Section 1.4).  Sections 1.2 (Purpose and Need), 1.3 and 1.4 of the 
SDEIS replace Section 1.2 of the draft EIS. 

The portions of the EIS that are not included in the SDEIS have not been substantively revised.  They will 
be included in the final EIS with minor revisions, including edits for clarification, corrections of 
typographical errors, minor expansion of existing information, and updates where appropriate.  The final 
EIS will also include responses to comments on the draft EIS and responses to comments on the SDEIS. 

The SDEIS also includes the following documents as appendices: 

 A 2010 report prepared by EnSys Energy and Systems, Inc. (EnSys) contracted by the U.S. 
Department of Energy (DOE), Office of Policy & International Affairs.  DOE contracted EnSys 
to evaluate different North American crude oil transport scenarios through 2030 to assist DOS in 
better understanding the potential impacts of the presence or absence of the proposed Project on 
U.S. refining and petroleum imports and also on international markets.  The study also assessed 
global life-cycle GHG impacts of the scenarios evaluated.  Although the study is a contractor 
report and does not necessarily represent the views of any U.S. government agency, it was 
conducted in close collaboration with and had significant input from DOE.  The EnSys report, 
presented in Appendix A, was previously made available for public review on the DOS website 
as described in the notice of availability in the Federal Register on February 14, 2011 (Volume 
76, Number 30);   

 A 2011 report by ICF International (ICF) that was requested by DOS to assist in addressing 
concerns relative to GHG emissions.  The report provides a detailed review of key studies in the 
existing literature that address life-cycle GHG emissions of petroleum products, particularly 
petroleum products derived from WCSB oil sands.  The ICF report is presented in Appendix B; 

 A set of 57 Project-specific Special Conditions developed in close consultation with PHMSA.  
Originally, PHMSA began development of these conditions in consideration of a special permit 
request from Keystone that, if granted, would have allowed Keystone to operate the proposed 
Project at a maximum operating pressure higher than that specified in 49 CFR 195.106.  On 
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August 5, 2010, Keystone withdrew its application to PHMSA for a special permit.  However, 
DOS continued to work with PHMSA and Keystone to develop Special Conditions in response to 
comments on the draft EIS regarding pipeline construction, operation, and maintenance.  
Keystone agreed to incorporate the Special Conditions into the proposed Project and if it is 
authorized and implemented, Keystone will include those conditions in its manual for operations, 
maintenance, and emergencies that is required by 49 CFR 195.402.  The Special Conditions are 
presented in Appendix C;   

 Information provided by Keystone in response to a Data Request from DOS regarding proposed 
construction procedures through the Sand Hills topographic region and consultation with the 
appropriate experts on the Sand Hills topographic region.  This information is presented in 
Appendix D; and 

 Water well data along the Proposed Keystone XL Project Route that was obtained by the DOS 
third-party contractor to expand information on existing groundwater conditions along the 
proposed route as a part of understanding the potential impacts of an unintentional release of 
crude oil from the proposed Project.  This information is presented in Appendix E.   

Status of the DOS Review Process 

Environmental Review Process 

This SDEIS was prepared by revising portions of the text of the draft EIS in response to comments on the 
draft EIS and (as required) to address the information available after the draft EIS was issued.  In 
addition, portions of the text of the draft EIS were updated using information that became available after 
the draft EIS was issued and portions of the text were edited to provide greater clarity.  DOS invites 
interested parties to comment on this SDEIS during the 45-day comment period, which will begin on 
April 22, 2011 when EPA publishes a Notice of Availability (NOA) in the Federal Register and will end 
on June 6, 2011.  DOS requests that comments be limited to the subject matter addressed in this SDEIS.  
DOS will consider all comments received during the comment period in preparation of the final EIS.  
Commenters do not need to resubmit their earlier comments on the draft EIS.  Comments postmarked 
after the close of comment period will be considered to the extent practicable.  

Comments on the SDEIS can be submitted to DOS using any of the following methods: 

 DOS Keystone XL Project website:  http://www.keystonepipeline-xl.state.gov  

 Email:  keystonexl@cardno.com 

 Mail:  Keystone XL EIS Project, P.O. Box 96503-98500, Washington, D.C. 20090-6503 

 Fax:  206-269-0098 

National Interest Determination 

After receipt of comments on the SDEIS and subsequent publication of a final EIS, DOS will begin a 90-
day period for consultations with other federal agencies to determine if issuing a Presidential Permit for 
the proposed Project is in the National Interest.  In addition, for the first 30 days after the final EIS is 
published, the public will also have the opportunity to comment on the National Interest Determination 
(NID).  DOS plans to conduct another public meeting during this 30-day comment period.  DOS expects a 
decision on whether to grant or deny the permit before the end of 2011.   

http://www.keystonepipeline-xl.state.gov/
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Conclusions 

The draft EIS provided information on key environmental issues to allow a full understanding of the 
analysis of environmental effects.  Although DOS received thousands of comments on a wide variety of 
topics addressed in the draft EIS during the comment period, no new issues of substance emerged from 
the comments received.  DOS nonetheless determined that submitting the portions of the EIS that were 
revised to address the new and additional information and to address comments on the draft EIS for 
public and agency review would further the purposes of NEPA and prepared and issued this SDEIS.  
However, the information provided in this SDEIS does not alter the conclusions reached in the draft EIS 
regarding the need for and the potential impacts of the proposed Project.   

 



1.0 INTRODUCTION 

TransCanada Keystone Pipeline, LP (Keystone) applied to the U.S. Department of State (DOS) for a 
Presidential Permit for the proposed construction, connection, operation, and maintenance of a pipeline 
and associated facilities at the United States border for importation of crude oil from Canada.  The 
Keystone application is for its proposed Keystone XL Project (the proposed Project).  Keystone also filed 
a right-of-way application under Section 28 of the Mineral Leasing Act of 1920 (MLA), as amended with 
the Bureau of Land Management (BLM) for the proposed Project across federal lands.  DOS served as the 
lead federal agency for the environmental review of the proposed Project under the National 
Environmental Policy Act (NEPA), and issued a draft environmental impact statement (EIS) for public 
review on April 16, 2010.  The public comment period for the draft EIS closed on July 2, 2010. 

After the draft EIS was issued, new information and additional information became available on the 
proposed Project and on issues and resources related to the potential impacts of the proposed Project.  To 
provide the public with the opportunity to review this information and to ensure openness and 
transparency in the NEPA environmental review process of the proposed Project, DOS has issued this 
supplemental draft EIS (SDEIS).   

The draft EIS was developed in compliance with the scoping process required under NEPA and in 
compliance with the Council on Environmental Quality (CEQ) NEPA regulations.  It includes relevant 
issues raised by the public and the agencies during the scoping period.  DOS received thousands of 
comments on a wide variety of topics addressed in the draft EIS during the draft EIS comment period.  
Some commenters expressed concern that the draft EIS did not provide a sufficient analysis of the 
impacts of the proposed Project and requested that DOS issue an SDEIS for public review. 

As part of its continuing evaluation of the adequacy of the draft EIS, DOS analyzed the new and 
additional information that became available after the draft EIS was issued and made a preliminary 
determination that there are no significant new circumstances or information concerning the proposed 
Project or its potential impacts not already considered in the draft EIS.  The analysis further noted that 
while the range of alternatives to the proposed action considered in the draft EIS was sufficient to meet 
the requirements of NEPA, additional alternatives should be considered in response to public comments 
on the draft EIS.  DOS therefore determined that submitting the portions of the EIS that were revised to 
address the new and additional information and to address related comments on the draft EIS for public 
and agency review would further the purposes of NEPA.  As a result DOS prepared and issued this 
SDEIS.   

The SDEIS has been prepared and circulated in compliance with CEQ NEPA regulations and DOS 
guidelines (Using Existing Environmental Analyses).  It includes copies of new reports and other 
documents relevant to the proposed Project and revisions to portions of the draft EIS.   

To focus public attention on the topics that DOS determined would be of value for additional review, the 
SDEIS provides only information directly or indirectly related to those topics and does not include all 
sections that were presented in the draft EIS.  However, the SDEIS incorporates the draft EIS by 
reference in compliance with CEQ NEPA regulations.  The draft EIS is available for download from the 
DOS Keystone XL Project related website (www.keystonepipeline-xl.state.gov).  The SDEIS addresses 
the following key issues: 
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Revised information on proposed Project facilities; design, construction and 
maintenance, regulatory requirements; and potential connected actions  

• Information on changes to the proposed Project facilities and construction of those facilities 
associated with withdrawal of the special permit application by Keystone and incorporation of the 
57 Project-specific Special Conditions recommended by the U.S. Department of Transportation, 
Pipeline and Hazardous Material Safety Administration (PHMSA) that would apply for the 
lifetime of the proposed Project (e.g., lower maximum throughput and lower operating pressure 
than in the draft EIS, revised pipe wall thicknesses, change to the distance between mainline 
valves, and changes to construction procedures addressed by the Special Conditions); 

• Relocation of the tank farm from Steele City, Nebraska to Cushing, Oklahoma;  

• Revisions to Operations and Maintenance information due to incorporation of the 57 Project-
specific PHMSA Special Conditions and in response to comments on the draft EIS, including 
additional information on the development and review of a Project-specific Emergency Response 
Plan;  

• Two additional non-federal connected actions, the Bakken Marketlink Project and the Cushing 
Marketlink Project, that were developed after the draft EIS was issued, and the potential impacts 
of implementation of those projects based on currently available information (the proposed 
BakkenLink Pipeline Project is currently speculative and therefore not considered a connected 
action for the purposes of this SDEIS); and 

• Additional information on future plans and decommissioning. 

Additional information on groundwater, potential spill impacts, alternatives to the 
proposed Project, and environmental justice considerations 

• Additional information on potential impacts to groundwater due to an unintentional release of 
crude oil from the proposed Project, including additional information on the Northern High Plains 
Aquifer (NHPAQ) system, which includes the Ogallala aquifer, and the Sand Hills topographic 
region of Nebraska; 

• Assessments of additional potential alternatives developed after the draft EIS was issued, 
including additional system alternatives, additional route alternatives (including alternative routes 
developed to avoid or minimize the distances through the Sand Hills topographic region and areas 
overlying the NHPAQ system), pipeline design alternatives, and alternatives to the locations of 
aboveground facilities; and 

• Expanded information on environmental justice issues in response to EPA comments on the draft 
EIS. 

Additional information on crude oil composition, potential refinery emissions, and 
greenhouse gas (GHG) and climate change considerations 

• Additional information on the composition of the crude oil that would be transported by the 
proposed Project and comparisons of that crude oil to other crude oils currently being refined in 
Petroleum Administration Defense District (PADD) II and PADD III and revisions to the Oil 
Spill Risk Assessment and Environmental Consequences section (that section has also been 
renamed to “Potential Releases from Project Construction and Operation and Environmental 
Consequence Analysis”); and 
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• Additional information on GHG emissions associated with the proposed Project based on 
information provided in recently completed reports (described below).   

The main body of the SDEIS includes portions of sections of the EIS that have been revised to address the 
new and additional information, and in some cases, the entire section.  To provide the proper context for 
the expanded, updated, and new information relevant to the NEPA environmental review of the proposed 
Project, the following sections are included in their entirety: 

• Section 3.13 (Potential Releases from Project Construction and Operation and Environmental 
Consequences Analysis); and  

• Section 4.0 (Alternatives). 

Other sections of the SDEIS provide portions of revised EIS sections relevant to the topics listed above, 
including expansions of assessments of key environmental concerns that were included in the draft EIS 
and new information that was developed in response to comments on the draft EIS.  Section 1.0 has been 
reorganized to include new sections for the Presidential Permit review process (Section 1.3) and an 
overview of the crude oil market (Section 1.4).  Sections 1.2 (Purpose and Need), 1.3 and 1.4 of the 
SDEIS replace Section 1.2 of the draft EIS. 

The portions of the EIS that are not included in the SDEIS have not been substantively revised.  They will 
be included in the final EIS with minor revisions, including edits for clarification, corrections of 
typographical errors, minor expansion of existing information, and updates where appropriate.  The final 
EIS will also include responses to comments on the draft EIS and responses to comments on the SDEIS. 

The SDEIS also includes the following documents as appendices: 

• A 2010 report prepared by EnSys Energy and Systems, Inc. (EnSys) contracted by the U.S. 
Department of Energy (DOE), Office of Policy & International Affairs.  DOE contracted EnSys 
to evaluate different North American crude oil transport scenarios through 2030 to assist DOS in 
better understanding the potential impacts of the presence or absence of the proposed Project on 
U.S. refining and petroleum imports and also on international markets.  The study also assessed 
global life-cycle GHG impacts of the scenarios evaluated.  Although the study is a contractor 
report and does not necessarily represent the views of any U.S. government agency, it was 
conducted in close collaboration with and had significant input from DOE.  The EnSys report, 
presented in Appendix A of this SDEIS, was previously made available for public review on the 
DOS website as described in the notice of availability in the Federal Register on February 14, 
2011 (Volume 76, Number 30);   

• A 2011 report by ICF International (ICF) that was requested by DOS to assist in addressing 
concerns relative to GHG emissions.  The report provides a detailed review of key studies in the 
existing literature that address life-cycle GHG emissions of petroleum products, particularly 
petroleum products derived from WCSB oil sands.  The ICF report is presented in Appendix B of 
this SDEIS; 

• A set of 57 Project-specific Special Conditions developed in close consultation with PHMSA.  
Originally, PHMSA began development of these conditions in consideration of a special permit 
request from Keystone that, if granted, would have allowed Keystone to operate the proposed 
Project at a maximum operating pressure higher than that specified in 49 CFR 195.106.  On 
August 5, 2010, Keystone withdrew its application to PHMSA for a special permit.  However, 
DOS continued to work with PHMSA and Keystone to develop Special Conditions in response to 
comments on the draft EIS regarding pipeline construction, operation, and maintenance.  
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• Information provided by Keystone in response to a Data Request from DOS regarding proposed 
construction procedures through the Sand Hills topographic region and consultation with the 
appropriate experts on the Sand Hills topographic region.  This information is presented in 
Appendix D of this SDEIS; and 

• Water well data along the Proposed Keystone XL Project Route that was obtained by the DOS 
third-party contractor to expand information on existing groundwater conditions along the 
proposed route as a part of understanding the potential impacts of an unintentional release of 
crude oil from the proposed Project.  This information is presented in Appendix E of this SDEIS.   

1.1 OVERVIEW OF THE PROPOSED PROJECT 

Keystone proposes to construct and operate a crude oil pipeline and related facilities to transport Western 
Canadian Sedimentary Basin (WCSB) crude oil from an oil supply hub near Hardisty, Alberta, Canada to 
destinations in the south central United States, including a new tank farm in Cushing, Oklahoma and 
delivery points in Nederland (near Port Arthur) and Moore Junction (in Harris County), Texas.  In total, 
the proposed Keystone XL Project would consist of approximately 1,711 miles of new, 36-inch-diameter 
pipeline, with approximately 327 miles of pipeline in Canada and approximately 1,384 miles in the 
United States.  The proposed Project would cross the international border between Saskatchewan, 
Canada, and the United States near Morgan, Montana.  The proposed Project initially would have a 
nominal transport capacity of 700,000 barrels per day (bpd) of crude oil.  Up to 200,000 bpd of crude oil 
would be delivered to the proposed Cushing, Oklahoma tank farm, which is in Petroleum Administration 
for Defense District (PADD) II, with the remainder of the crude oil transported to the delivery points in 
Texas, which are in the Gulf Coast portion of PADD III.  By increasing the pumping capacity in the 
future, the proposed Project could ultimately transport up to 830,000 bpd of crude oil.   

At the time of publication of the draft EIS, Keystone had applied to the U.S. Department of 
Transportation (USDOT), Pipeline and Hazardous Materials Safety Administration (PHMSA) for 
consideration of a Special Permit request to operate the proposed Project at a slightly higher pressure than 
would be allowed using the standard design factor in the regulations.  As reported in the draft EIS, the 
maximum crude oil throughput for that proposed system would have been 900,000 bpd.  On August 5, 
2010, Keystone withdrew its application to PHMSA for a Special Permit.  Therefore the proposed Project 
would be constructed in accordance with the existing regulatory requirements in 49 CFR Parts 194 and 
195 and the set of 57 Special Conditions developed by PHMSA (described further in Sections 2.3 and 
3.13.1.1 and presented in Appendix C of this SDEIS).  As a result, the maximum throughput of the 
proposed Project decreased and is currently proposed to be approximately 830,000 bpd. 

The proposed Project would primarily deliver WCSB crude oil, which would likely be heavy crude oil 
based on current market forecasts, to three delivery points in the U.S. that in turn provide access to many 
other U.S. pipeline systems and terminals.  The ultimate destinations of the crude oil beyond these 
delivery points would not be contracted with Keystone and are not a part of the proposed Project.  While 
the exact destinations of the crude oil that would be transported by the proposed Project are uncertain, 
there are 15 refineries within the proposed delivery area in Texas that would have direct access to crude 
oil delivered by the proposed Project (Purvin & Gertz 2009).  Those refineries currently process heavy 
crude oil that is similar in composition to the oil that would be delivered by the proposed Project (Purvin 
& Gertz 2009). 
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1.2 PURPOSE AND NEED 

The primary purpose and need of the proposed Project is to provide the infrastructure necessary to 
transport WCSB heavy crude oil from the border with Canada to delivery points in PADD III in response 
to the market demand of refineries in PADD III for heavy crude oil.  This market demand is driven by the 
need of refiners in PADD III to replace current feed stocks of heavy crude oil obtained from other foreign 
sources with crude oil from a more stable and reliable source.  Keystone currently has firm, long-term 
contracts to transport 380,000 bpd of WCSB crude oil to existing PADD III delivery points.  An 
additional purpose of the proposed Project is to transport WCSB heavy crude oil to the proposed Cushing 
tank farm in response to the market demand of refineries in PADD II for heavy crude oil.  Keystone has 
firm contracts to transport 155,000 bpd of WCSB crude oil to Cushing, Oklahoma in the existing 
Keystone Oil Pipeline Project, which includes the Keystone Mainline and the Keystone Cushing 
Extension.  If the proposed Project is approved and implemented, Keystone would transfer shipment of 
crude oil under those contracts to the proposed Project.  While there is existing transboundary pipeline 
capacity to accommodate projected additional imports of WCSB crude in the short to medium term, there 
is extremely limited pipeline transport capacity to move such crude oils to PADD III refineries.  As noted 
in the previous section, the proposed Project would provide an initial capacity of 700,000 bpd to meet the 
projected market demand for additional WCSB crudes, with the ability to increase to 830,000 bpd by 
increasing pumping capacity. 

DOS evaluated the proposed Project to determine whether approving it and granting a Presidential Permit 
for “construction, connection, operation, or maintenance at the borders of the United States of facilities 
for the exportation or importation of petroleum, petroleum products, coal, or other fuels to or from a 
foreign country” is in the national interest.  The Secretary of State has the authority to approve or deny 
such applications, and to issue such permits on terms and conditions that the Secretary determines are 
appropriate under EO 13337, as amended.  Although the primary focus of DOS is related to the conduct 
of foreign affairs, in considering the national interest for purposes of applications for Presidential Permits, 
DOS takes into account many factors, including domestic impacts associated with issuance of a permit, 
such as environmental, cultural, and economic considerations, consistent with the relevant federal statutes 
and Executive Orders identified in Sections 1.5 and 1.6 of the draft EIS, and in Section 1.10 of this 
SDEIS. 

In response to comments on the draft EIS, the market analysis relevant to purpose and need has been 
reorganized in the EIS, and the following section on the Presidential Permit review process (Section 1.3) 
has been added.  The extensive information on crude oil markets is included in this EIS because the 
United States has a largely unregulated market for obtaining crude oil (the primary use of which is the 
production of transportation fuel).  Thus, understanding the basic dynamics of the crude oil market is key 
to understanding the potential alternatives to the proposed Project (including the No Action Alternative).  
In addition, the analysis of the crude oil market has been expanded in response to comments to include 
scenarios that base projections on alternate policy scenarios, including adoption of more aggressive 
policies that address climate change by reducing crude oil consumption.   

The BLM’s purpose and need for the Keystone XL Pipeline Project is to respond to the Keystone 
application under Section 28 of the Mineral Leasing Act of 1920, as amended (MLA; 30 USC 185) for a 
right-of-way (ROW) grant to construct, operate, maintain, and decommission a crude oil pipeline and 
related facilities on federal lands in compliance with the MLA, BLM ROW regulations, and other 
applicable Federal laws.  The BLM will decide whether to approve, approve with modification, or deny 
issuance of a ROW grant to Keystone for the Keystone XL Pipeline project, and if so, under what terms 
and conditions.  The proposed ROW action appears consistent with approved BLM land use planning. 
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1.3 PRESIDENTIAL PERMIT REVIEW PROCESS (NEW SECTION) 

Consistent with the President’s broad discretion in the conduct of foreign affairs, DOS has significant 
discretion in the factors it examines in making a National Interest Determination (NID).  The factors 
examined and the approaches to their examination are not necessarily the same from project to project.  
However, previous NID processes can provide insights into the factors DOS is likely to consider in 
evaluating the present application.  Some of the key factors considered in past decisions include the 
following:  

• Environmental impacts of the proposed projects; 

• Impacts of the proposed projects on the diversity of supply to meet U.S. crude  oil demand and 
energy needs; 

• The security of transport pathways for crude oil supplies to the U.S. through import facilities 
constructed at the border relative to other modes of transport; 

• Stability of trading partners from whom the U.S. obtains crude oil; 

• Impact of a cross-border facility on the relations with the country to which it connects; 

• Relationship between the U.S. and various foreign suppliers of crude oil and the ability of the 
U.S. to work with those countries to meet overall environmental and energy security goals; 

• Impact of proposed projects on broader foreign policy objectives, including a comprehensive 
strategy to address climate change; 

• Economic benefits to the U.S. of constructing and operating proposed projects; and  

• Relationships between proposed projects and goals to reduce reliance on fossil fuels and to 
increase use of alternative and renewable energy sources. 

This list is not exhaustive, and DOS may consider additional factors in the NID process.  After 
publication of the final EIS, the federal agencies identified in EO 13337 (see Section 1.5 of the draft EIS) 
will have 90 days to provide their input on whether or not approving the proposed Project would be in the 
national interest.  Additionally, DOS specifically intends to solicit public comment on the national 
interest question during an additional public comment period after publication of this EIS.  

1.4 OVERVIEW OF CRUDE OIL MARKET  (NEW SECTION) 

DOS conducted its own thorough assessment of market dynamics of the crude oil market for purposes of 
fully understanding how those dynamics relate to the purpose and need of the proposed Project as a part 
of the environmental review under NEPA.  This assessment relied upon expertise within DOS from staff 
with extensive knowledge of international energy markets, on consultations with other federal agencies, 
in particular the Department of Energy, and on consideration of relevant information from the many 
independent sources as described below.  The sources relied upon included in particular information 
presented in reports published by government agencies such as the Energy Information Administration 
(EIA), the International Energy Agency (IEA), and the Alberta Energy Resource Conservation Board 
(ERCB).  The assessment was also informed by a recent report contracted by the Department of Energy 
Office of Policy & International Affairs and conducted by EnSys Energy and Systems, Inc (EnSys 2010) 
that evaluated different North American crude oil transport scenarios through 2030 the potential impacts 
of those different transport scenarios (in particular the presence or absence of the proposed Project) on 
U.S. refining and petroleum imports, on production and disposition of WCSB oil-sands crude, and on 
international crude oil markets.  Because the EnSys report informs many aspects of the EIS, it is 
described more fully here.  
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The EnSys analysis examined key metrics under seven different scenarios, each representing a different 
combination of existing and potential pipeline transportation systems in Canada and the U.S. that could 
deliver WCSB crude oil to U.S. PADDs II and III and to world oil markets.  Market dynamics for each 
pipeline combination were explored for two different projections of U.S. oil demand,1 resulting in 14 
separate scenarios. 

DOE requested that EnSys address the following issues: 

• What is the outlook for the U.S. refining industry’s competitive position as measured by U.S. 
refinery throughputs, utilizations, investments, CO2 emissions, product import dependency and 
oil import costs?  

• How does the level and composition of crude oil imports into the U.S. change with and without 
the incremental WCSB crude oil transport capacity of the proposed Project? 

• What are the changes in crude oils that would supply PADD III refineries with and without the 
transportation of incremental WCSB crude oils into PADD III? 

• What are the changes in world regional demands for incremental WCSB crude oils with and 
without the incremental pipeline capacity to U.S. refineries?  

• What are the U.S. petroleum product supply and price impacts, and also U.S. oil import cost 
impacts, with and without the incremental imports of WCSB crude oil to the U.S.?  

• What impacts, if any, would disallowing the proposed Project have on WCSB crude oil flows into 
the U.S.?  

• What would be the impacts of much lower U.S. product demand (consistent with the EPA low 
demand outlook) on U.S. refining, Canadian, and other oil imports and the implications for 
WCSB crude oil export capacity? 

The study employed the EnSys World Oil Refining Logistics & Demand (WORLD) model to provide an 
integrated analysis and projection of the global petroleum industry that encompasses total liquids, 
captures the effects of developments, changes and interactions between regions, and projects the 
economics and activities of refining crude oils and products.  WORLD has been used for DOE’s Office of 
Strategic Petroleum Reserve since 1987, and has been applied in analyses for many organizations, 
including EIA, EPA, the American Petroleum Institute, the World Bank, the OPEC Secretariat, the 
International Maritime Organization, Bloomberg, and major and specialty oil and chemical companies. 

Although the EnSys study is a contractor report and does not necessarily represent the views of any U.S. 
government agency, it was conducted in close collaboration with, and had significant input from DOE.  
The EnSys (2010) report is presented in Appendix A of this SDEIS.   Section 1.11 presents a list of the 
references used in developing the need assessment for the proposed Project.  Owing largely to its 
availability, energy density, and ease of transport, crude oil is currently the world’s most important energy 
resource.  It is traded in a global market that includes crude oils that vary in their points of delivery, 
densities, sulfur contents, and prices.  For example, in December of 2010 the price of crude oil ranged 
from $73 per barrel for heavy, sour WCSB crude oil to over $88 per barrel for light, sweet crude oil such 
as West Texas Intermediate or Arab Light.  These prices represent a balance between supply and demand 
in the global crude oil market.  In that market, each oil field can be thought of as a potential supply 
source.  In the past, most crude oil came from fields that produced relatively light crude oil, and while 
those fields are distributed throughout the world, the leading producers were in Saudi Arabia, the United 
                                                 
1 EnSys (2010) included a low-demand outlook based on a February/March 2010 study by EPA which examined 
“more aggressive fuel economy standards and policies to address vehicle miles traveled”. 
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States, Russia (the former USSR), and Iran.  More recently, the world oil market has experienced an 
increase in the supply of crude oil from unconventional sources.  These unconventional oil fields, 
primarily in Canada and Venezuela, produce a very heavy crude oil that is often referred to as bitumen.2   

On the demand side of the market, each refinery can be thought of as a crude oil consumer.  Each refinery 
makes decisions as to which crude oil to buy based on the characteristics of the crude (e.g., the point of 
delivery, density, sweetness, and price) and the refinery’s unique ability to transform the crude oil into a 
refined petroleum product that can be profitably sold.3 

Much effort has gone into predicting future conditions in the crude oil market.  Individuals, organizations, 
and countries attempt to forecast supply, demand, and price based on economic trends, governmental 
regulations, the cost and availability of substitute forms of energy, and many other factors.  While these 
predictions are uncertain, there is a general consensus that the volume of crude oil consumed worldwide 
is unlikely to decrease substantially over the next 30 years, even under policy scenarios that more 
aggressively address global climate change (EIA 2009c, EIA 2010a, and IEA 2010), and that the mix of 
crude oil consumed in the future will include an increased proportion of oil from high-cost 
unconventional sources and/or heavy crude oil.  

For example, IEA (2010) included three policy scenarios, a Current Policies Scenario, which assumed no 
change in policies in place in mid-2010; a New Policies Scenario, which assumed that countries act on 
their announced policy commitments and plans to address climate change; and a scenario designed to 
stabilize greenhouse gas emissions at 450 parts per million of CO2-equivalent, which would be consistent 
with an increase in global temperature of approximately 2 degrees Celsius (the 450 Scenario).  There are 
significant differences for estimates of total global crude oil demand among the three scenarios, but in all 
three scenarios, the estimated total demand is greater in 2020 than in 2010.  Only in the 450 Scenario is 
the total estimated global demand in 2035 less than in 2010.  There was a significant difference in the 
projections of total unconventional oil production among the three scenarios, but in all three scenarios, the 
total estimated production from unconventional sources was projected to increase by at least 5 million 
bpd by 2035. 

1.4.1 Supply of Heavy Crude Oil from the WCSB 

The WCSB is now widely accepted as having one of the largest crude oil reserves in the world.  The 
ERCB (2009) and CAPP (2009) estimated that Canada’s oil sands contain 170 to 173 billion barrels of 
proven oil reserves while the Central Intelligence Agency (CIA) estimated WCSB reserves to be 175.2 
billion (CIA 2010).4  However, the mere presence of oil in a field does not mean that oil will be produced.  
For oil to be produced, field operators must be convinced that they can extract and deliver the oil to the 
marketplace in a profitable manner (i.e., the price per barrel that consumers are willing to pay is high 
enough for producers to make a profit).  Therefore, decisions regarding unconventional crude oil 
production in the WCSB are affected by the price of conventional crude oil. 

Given this market dynamic, CAPP (2009) reported that: 

“Over the past 12 months (June 2008 to June 2009) the industry has witnessed a dramatic change 
in oil prices.  The benchmark West Texas Intermediate (WTI) crude oil price dropped from a 

                                                 
2 For the purposes of this EIS, oil from the WCSB is referred to as heavy crude.  Section 3.13.5.1 provides 
information on the composition of the WCSB crude oil.   
3 EIA (2009a) reported that crude oil is generally fungible, i.e., one crude oil can be substituted for another.  
However, many refineries are optimized to refine crude oil with specific qualities, and switching from one crude oil 
to another can be costly. 
4 Proven oil reserves are those that can be economically extracted given current and projected market conditions. 
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peak in July 2008 of over $140 per barrel to less than $40 per barrel by year’s end.  CAPP’s 
estimate of industry capital spending for oil sands development was reduced to $10 billion dollars 
for 2009 compared to $20 billion in 2008.  The forecast for market demand growth is also lower 
than in the previous report, which is in line with the slower forecasted growth in supply.”5   

Most industry analysts predict that there will be growth in market demand as the global economy recovers 
from the recent world financial crisis.  Consequently, many oil sands projects that were put on hold in 
2009 were revived in 2010.  

In earlier reports, CAPP (2009) projected that heavy crude production in the WCSB will increase from its 
2008 level of 0.9 million bpd to between 1.4 and 1.6 million bpd by 2015 and then remain at relatively 
elevated levels until the end of the projection periods.  These projections were largely consistent with: (1) 
the 2009 EIA forecast, which also projected that the unconventional oil supply from Canada will become 
an increasingly important source of global crude oil supply over time (EIA 2009a); and (2) projections 
made by ERCB (2009), the National Energy Board of Canada (NEB 2009), and Strategy West (2009).  At 
the current and projected production levels, production from the estimated proven reserves in the WCSB 
could continue into the later part of the 21st century. 

Three of the studies and projections referenced above were updated for 2010.  CAPP (2010) projected 
that the WCSB will produce more than 2.1 million bpd by 2015; this is up from the 1.4 to 1.6 million bpd 
projected in 2009.  These increased projections are largely consistent with the reference price case 
reported in EIA (2010a, 2010b, and 20116) and Strategy West (2010) which project significant increases 
in WCSB crude oil production over the next 10 to 25 years.  EnSys (2010) suggested that total WCSB 
crude oil production would reach approximately 4.4 million bpd by 2030 in almost all pipeline 
construction scenarios it considered.  EnSys (2010) also projected oil sands production to grow to 4.2 
million bpd by 2030 in the low-demand outlook for all pipeline construction scenarios except the No 
Expansion scenario.  IEA (2010) projected that by 2035, oil sands production would increase to 4.6 
million bpd under the Current Policies scenario, 4.2 million bpd in the New Policies scenario, and 3.3 
million bpd under the 450 Scenario.   

Historically, the majority of the WCSB crude oil has been exported to the U.S.  CAPP (2010) and EIA 
(2010) continue to project that the vast majority of WCSB production will be exported to the U.S.  Much 
of this will be transported to PADD II through the existing Enbridge pipeline system, including the 
recently constructed Alberta Clipper Pipeline and the Keystone Oil Pipeline.  As described in Section 
4.1.3, the proposed Enbridge Northern Gateway and the Kinder Morgan Trans Mountain pipelines, if 
implemented, would ship WCSB crude oil to the west coast of Canada for potential marine-based export 
to refineries in Asia and along the west coast of the U.S.  If implemented, the proposed Project or a 
similar project would provide access to refineries in PADD III. 

EnSys (2010) suggested that cross-border WCSB deliveries will more than double from the current 1.2 
million bpd to between 2.6 and 3.6 million bpd by 2030.  The volume of future U.S. imports of WCSB 
crude oil will be dependent on the available capacity of domestic pipelines, the level of demand for 
WCSB crude oil from Asian refiners, and the overall level of crude oil demand in the U.S. 

                                                 
5 Crude oil benchmarks are reference points for the various types of oil that are available in the market.  The WTI is 
the most commonly used benchmark in the U.S. 
6 The EIA (2011) early release previewed several revisions to its reference case projections for the 2011 release, and 
projected that oil sands growth would reach 5.1 million bpd by 2035. 
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1.4.2 Demand for Heavy Crude Oil in PADD III 

The U.S. petroleum industry is divided into five PADDs.  Refineries within a PADD tend to have more in 
common with each other (e.g., pipeline infrastructure and supply streams) than they do with refineries in 
other PADDs. 

The majority of the crude oil that would be transported by the proposed Project would be shipped to 
delivery points in PADD III, which has 58 refineries.  These refineries represent a total refining capacity 
of approximately 8.4 million bpd, and for the past 20 years have run at between 80 and 100 percent of 
maximum throughput (EIA 2010b).  PADD III refineries provide significant volumes of refined 
petroleum product to both the U.S. East Coast and Midwest via pipeline.  For example in 2008, 
approximately 50 percent of the gasoline consumed on the East Coast and 18 percent of the gasoline 
consumed in the Midwest was supplied by PADD III refineries.   

The PADD III Gulf Coast refineries have the capacity to refine over 5 million bpd of heavy crude oil 
(EnSys 2010).  In 2009, PADD III imported approximately 2.9 million bpd of heavy crude oil (EnSys 
2010).  Typically, heavy crude oils sell at a discount as compared to light, sweet crude oils, and refiners 
that can process heavy crude oils can take advantage of that price differential.  Once refiners have made 
the capital investments in equipment and processes to refine heavy crude oil or to increase the capacity of 
heavy crude oil refining, they cannot easily move back to refining a lighter crude oil slate.  PADD III has 
a particularly high heavy crude oil processing capacity in part because of the large supplies of heavy 
crude oil in Mexico and Venezuela.  Mexico and Venezuela, through their state-controlled oil companies, 
encouraged expansion of the heavy oil refining capacity through joint-venture investments in Gulf Coast 
refineries to create a more profitable market for their heavy crude oil resources.   

There are ongoing or completed major refinery upgrades at several PADD III refineries that would have 
direct pipeline access to oil transported through the proposed Project (i.e., Motiva, Port Arthur; Valero, 
Texas City; and Total, Port Arthur) and at several PADD III refineries without direct pipeline access 
(Borger, Texas; Artesia, New Mexico; and Garyville, Louisiana).  There are also continuing plans for 
upgrades in Port Arthur and revived plans in St. Charles and Tuscaloosa, Alabama, and smaller-scale 
upgrades designed to increase heavy crude oil refining capacity in PADD III.  In PADD II, expansions 
and upgrades have been proposed or implemented in Oklahoma (Sinclair), Illinois (WRB Refining and 
ConocoPhillips Refinery), Michigan (Marathon), and Indiana (Whiting).  There is no indication that the 
availability of oil transported via the proposed Project would directly result in specific expansions of 
existing refineries and development of new refineries (none have been built in the U.S. in 30 years).  
Recently implemented refinery expansions and upgrades in PADDs II and III were primarily focused on 
increasing the capacity to refine heavy crude oil.  This diversification strategy could put downward 
pressure on PADD III crude oil prices, provided that sufficient transportation capacity is available for 
heavy crude oil. 

In 2009, PADD III refineries imported approximately 5.1 million bpd of crude oil from more than 40 
countries, and the top four suppliers were Mexico (21 percent), Venezuela (17 percent), Saudi Arabia (12 
percent), and Nigeria (11 percent) (EIA 2010b).  Of this amount, approximately 2.9 million bpd was 
heavy crude oil (EnSys 2010).  In addition, PADD III refinery runs are projected to grow by at least 
500,000 bpd by 2020 (Purvin & Gertz 2009, EnSys 2010).  However, as noted by EnSys (2010), crude oil 
imports from Mexico and Venezuela, which flow predominantly into Gulf Coast refineries, have been in 
steady decline and are projected to continue to drop over the next several years, from 2.9 million bpd in 
2004 to about 0.8 million bpd by 2020.  Although the supply of crude oil from Saudi Arabia to the U.S. 
appears to be fairly stable, the remaining major PADD III suppliers face declining or uncertain production 
horizons as summarized below.  
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• Capital expenditures by Mexico’s national oil company have been insufficient to offset natural 
declines in oil field output.  As a result, the production of heavy crude from Mexico has been 
falling and there has been a 250,000-bpd decrease in production of Mexican heavy crude since 
2006.  In particular, production from the offshore Cantarell field (which produces most of the 
Maya heavy crude supplied to the U.S.) is falling rapidly (Hook et al 2009, IEA 2008, and EnSys 
2010).  In addition, expansion of the Minatitlan refinery is expected to be completed in early 2011 
and the expanded refinery would process at least 110,000 bpd of Mexican crude oil (Reuters 
2011), which could further reduce the volume exported to the U.S.   

• Most of Venezuela’s oil production is heavy crude, and over half of the production has been 
exported to the U.S. (Purvin & Gertz 2009).  However, Venezuela is increasingly diversifying its 
oil customers to lessen its dependence on the U.S.  Exports to the U.S. as a portion of 
Venezuela’s total output have therefore decreased (Alvarez and Hanson 2009), and EnSys (2010) 
predicts that this trend will continue.    

• Nigeria is Africa’s largest oil producer.  However, “since December 2005, Nigeria has 
experienced increased pipeline vandalism, kidnappings and militant takeovers of oil facilities in 
the Niger Delta…The instability in the Niger Delta has caused significant amounts of shut-in 
production and several companies declaring force majeure on oil shipments.  EIA estimates 
Nigeria’s effective oil production capacity to be around 2.7 million barrels per day (bbl/d) but as 
a result of attacks on oil infrastructure, 2008 monthly oil production ranged between 1.8 million 
bbl/d and 2.1 million bbl/d.  Additional supply disruptions for the year were the result of worker 
strikes carried out by the Petroleum and Natural Gas Senior Staff Association of Nigeria 
(PENGASSAN) that shut-in 800,000 bbl/d of ExxonMobil’s production for about 10 days in late 
April/early May” (EIA 2009e).    

• Angola, Algeria, and Iraq, which were among the top 15 suppliers of crude oil to the U.S. in 2009 
(EIA 20 10b), have each experienced armed conflict or significant political unrest within the last 
decade.  

In all domestic pipeline scenarios considered by EnSys (2010), increased U.S. imports of Canadian crude 
oil would reduce U.S. imports of foreign oil from sources outside of North America.  Reductions in U.S. 
oil demand would result in reductions of oil imports from non-Canadian foreign sources, with no material 
reduction in imports of WCSB crude oil (EnSys 2010).  Additionally, the firm, long-term commitment of 
shippers to transport 380,000 bpd of WCSB crude oil to PADD III destinations through the proposed 
Project indicates a market preference for WCSB heavy crude oil.   

1.4.3 Transport of Crude Oil from the WCSB to PADDs II and III 

Prior to 2010, two major crude oil pipelines transported crude oil from the WCSB directly to U.S. 
markets: the Enbridge Pipeline System and the Kinder Morgan Express Pipeline.  Combined, those 
pipeline systems have a total capacity of about 2.1 million bpd.  Of that total capacity, approximately 63 
percent is heavy crude, and in 2008 both pipelines operated at or around 100 percent capacities (CAPP 
2009).  Two new pipeline systems were recently constructed and began transporting crude oil from the 
WCSB to areas in the U.S. outside of PADD III: the Keystone Oil Pipeline Project (including the Cushing 
Extension) and the Enbridge Alberta Clipper Pipeline.  CAPP (2009) and Smith (2009) reported that, with 
those pipelines, the transport capacity of crude oil from Canada to the U.S. is sufficient to provide the 
needs of all areas outside of PADD III through 2019.  EnSys (2010) projected that excess cross border 
capacity for areas of the U.S. outside of PADD III would exist until about 2019 to 2030.  However, the 
capacity to transport WCSB crude oil to PADD III is currently limited.  There is only one pipeline that 
provides PADD III refineries access to WCSB crude, the ExxonMobil Pegasus Pipeline.  This pipeline 
has a maximum capacity of only 96,000 bpd (CAPP 2009).  Thus, limited pipeline capacity continues to 
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constrain the supply of WCSB crude oil to PADD III (CAPP 2009 and 2010, Purvin & Gertz 2009), and 
PADD III represents the largest refining capacity, both overall and for heavy crude, in the U.S.  Limited 
transport capacity to PADD III was also identified by EnSys (2010):  

“a market opportunity exists short term (2010 – 2015) as well as longer term for pipeline capacity 
to deliver heavy WCSB crudes to U.S. Gulf Coast refiners; this to fill a gap being created by 
declining supply from traditional heavy crude suppliers, notably Mexico and Venezuela, a gap it 
is projected would otherwise be filled by increases in other foreign supplies, notably from the 
Middle East.”   

The conclusions of CAPP (2009 and 2010), Purvin & Gertz (2009), and EnSys (2010) are consistent with 
observed marketplace behavior.  In September 2008, when shippers were given an opportunity to enter 
into contractual commitments for capacity on the proposed Project, several firms executed binding 
contracts with Keystone for a total of 380,000 bpd of WCSB crude to be transported to PADD III for an 
average of 18 years.  In addition, Valero, a major refinery operator in the Houston area, stated that it 
expects to be one of the largest recipients of heavy crude oil from the proposed Project pending regulatory 
approval (Valero 2008), and Canadian Natural Resources Limited (CNRL) has agreed to supply 100,000 
bpd of heavy crude oil to an unnamed U.S. Gulf Coast refiner (CNRL 2008).  

1.5 AGENCY PARTICIPATION 

This was Section 1.3 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov.  

1.6 INDIAN TRIBE CONSULTATION 

This was Section 1.4 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

1.7 SHPO CONSULTATION 

This was Section 1.5 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

1.8 ENVIRONMENTAL REVIEW OF THE CANADIAN PORTION OF THE KEYSTONE 
XL PROJECT 

This was Section 1.6 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

1.9 PREPARATION AND REVIEW OF THE EIS 

1.9.1 Scoping for the Draft EIS 

This was Section 1.7.1 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 
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1.9.2 Draft EIS Review Process 

On January 28, 2009, DOS issued a Notice of Intent (NOI) to prepare an EIS to address reasonably 
foreseeable impacts from the proposed Project and alternatives, and to conduct a parallel consultation 
process under Section 106 of National Historic Preservation Act (NHPA).  The NOI informed the public 
about the proposed Project and the potential DOS action, announced plans for scoping meetings, invited 
public participation in the scoping process, and solicited public comments for consideration in 
establishing the scope and content of the EIS.  The NOI was published in the Federal Register and 
distributed to affected landowners, federal agencies, Indian tribes, state agencies, municipalities and 
counties, elected officials, non-governmental organizations, the media, and other interested individuals.  
During the scoping period, which ended on April 15, 2009, DOS held 20 separate scoping meetings in the 
vicinity of the proposed Project in each of the six states traversed to provide opportunity for public 
comment on the scope of the EIS.  DOS received verbal, written, and electronic comments during the 
scoping period and considered them during preparation of the EIS.  In addition to the public review 
process, DOS conducted agency consultations to identify issues to be addressed in the EIS. 

The draft EIS for the proposed Project was issued for public review on April 16, 2010.  The notice of 
availability (NOA) for the draft EIS was published in the Federal Register on April 20, 2010 and was also 
sent to agencies, elected officials, media organizations, Indian tribes, private landowners, and other 
interested parties.  The NOA stated that the comment period for the draft EIS would end on May 31, 
2010.  In addition, approximately 2,000 copies of printed and/or electronic copies of the draft EIS were 
sent to libraries, elected officials, agencies, landowners, Indian tribes, and other interested parties.  
Electronic versions of the draft EIS were also available for download on the DOS website.   

In response to requests from several organizations, on April 30, 2010 DOS extended the public comment 
period on the draft EIS until June 16, 2010.  During that period, DOS received additional requests to 
extend the review period and again extended the public comment period, this time until July 2, 2010.  

DOS held 19 public comment meetings from May 3 through May 20, 2010 to solicit both verbal and 
written comments on the draft EIS.  The meetings were held in the vicinity of the proposed route in each 
of the states that would be traversed.  In response to requests, DOS later conducted a comment meeting in 
Channelview, Texas (near the eastern border of Houston) and a comment meeting in Washington, D.C.  
In addition to receiving written and verbal comments at the draft EIS comment meetings, DOS received 
comments by email, website link (e-comments), telephone, and U.S. mail.    

1.9.3 Preparation and Review of the Supplemental Draft EIS 

This SDEIS was prepared by revising portions of the text of the EIS in response to comments on the draft 
EIS and, as required, to address the information available after the EIS was issued.  In addition, portions 
of the text of the EIS were updated using information that became available after the draft EIS was issued 
and portions of the text were edited to provide greater clarity.   

The SDEIS was issued and circulated as described for the draft EIS in Section 1.3.1.  DOS invites 
interested parties to comment on this SDEIS during the 45-day comment period, which will begin on 
April 22, 2011 when EPA publishes a Notice of Availability (NOA) in the Federal Register and will end 
on June 6, 2011.  DOS requests that comments be limited to the subject matter addressed in this SDEIS.  
DOS will consider all comments received during the comment period in preparation of the final EIS.  
Commenters do not need to resubmit their earlier comments on the draft EIS.  Comments postmarked 
after the close of comment period will be considered to the extent practicable.  
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Comments on the SDEIS can be submitted to DOS using any of the following methods: 

• DOS Keystone XL Project website:  http://www.keystonepipeline-xl.state.gov  

• Email:  keystonexl@cardno.com 

• Mail:  Keystone XL EIS Project, P.O. Box 96503-98500, Washington, D.C. 20090-6503 

• Fax: 206-269-0098 

DOS will consider all comments received during the comment period in preparation of the final EIS.  
Comments postmarked after the close of comment period will be considered to the extent practicable.  
Individual names and addresses (including e-mail addresses) received as part of comment documents on 
this draft EIS normally are part of the public record.  Anyone that wishes to have his/her name, address, 
or other identifying information withheld from the public record must state this request prominently at the 
beginning of any comment document.  DOS will honor the request to the extent allowable by law.  All 
submissions from organizations, businesses, and individuals identifying themselves as representatives or 
officials of organizations or businesses will be included in the public record and open to public inspection 
in their entirety. 

1.10 PERMITS, APPROVALS, AND REGULATORY REQUIREMENTS 

This was Section 1.8 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 
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2.0 PROJECT DESCRIPTION 

This section of the SDEIS provides information on the proposed Project that has changed since issuance 
of the draft EIS.  The primary changes include:  

• Information on changes to the proposed Project facilities and construction of those facilities 
associated with withdrawal of the special permit application by Keystone and incorporation of the 
PHMSA recommended Special Conditions (e.g., lower maximum throughput and lower operating 
pressure than in the draft EIS, revised pipe wall thicknesses, change to the distance between 
mainline valves, and changes to construction procedures addressed by the Special Conditions); 

• Relocation of the tank farm from Steele City, Nebraska to Cushing, Oklahoma;  

• Revisions to the Operations and Maintenance information due to incorporation of the PHMSA 
Special Conditions and in response to comments on the draft EIS, including additional 
information on the development and review of a Project-specific Emergency Response Plan;  

• Two additional connected actions, the Bakken Marketlink Project and the Cushing Marketlink 
Project, that were developed after the draft EIS was issued, and the potential impacts of 
implementation of those projects based on currently available information; 

• Additional information on Future Plans and Decommissioning; and  

• Incorporation of additional information on the Keystone Emergency Response Plan. 

For consistency, the new information described above is presented within the relevant subsections of the 
EIS.  In addition, the subsections that have not changed as a result of new information are also identified 
below.  Figures for Section 2.0 of the SDEIS are presented at the end of this section. 

2.1 OVERVIEW OF THE PROPOSED PROJECT 

The proposed Project would have the initial capacity to deliver up to 700,000 bpd of WCSB crude oil 
from the proposed Canada-U.S. border crossing to delivery points in Cushing, Oklahoma, in Nederland, 
Texas (near Port Arthur), and in Moore Junction, Texas (east of Houston).  Keystone currently has 
binding commitments to ship 380,000 bpd of Canadian crude oil.  The proposed Project could transport 
up to 830,000 bpd of crude oil by adding pumping capacity if warranted by future market demand. 

At the time of publication of the draft EIS, Keystone had applied to the PHMSA for consideration of a 
Special Permit request to operate the proposed Project at a slightly higher pressure than would be allowed 
using the standard design factor in the regulations.  That would have resulted in a maximum crude oil 
throughput of approximately 900,000 bpd.  On August 5, 2010, Keystone withdrew its application to 
PHMSA for a Special Permit, and the proposed Project would be constructed, operated, and maintained in 
accordance with the regulatory requirements in 49 CFR Parts 194 and 195 and the set of 57 Special 
Conditions developed by PHMSA presented in Appendix C of this SDEIS.  As a result, the maximum 
throughput of the proposed Project decreased and is currently proposed to be approximately 830,000 bpd. 

The proposed Project would deliver primarily WCSB crude oil (which would likely be heavy crude oil) 
based on current market forecasts, to three delivery points in the U.S. that in turn provide access to many 
other U.S. pipeline systems, terminals, and refineries.  The ultimate destinations of the crude oil beyond 
these delivery points would not be contracted with Keystone and therefore are not considered part of the 
proposed Project.     
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The proposed Project includes three new pipeline segments in five states plus additional pumping 
capacity on the existing Cushing Extension of the Keystone Oil Pipeline Project.  The proposed new 
pipeline segments are: 

• The Steele City Segment (from Morgan, Montana to Steele City, Nebraska) −  the southern end 
of this segment would connect to the northern end of the existing Cushing Extension near Steele 
City;  

• The Gulf Coast Segment (from Cushing, Oklahoma to Nederland, Texas) −  the northern end of 
this segment would connect to the southern end of the Cushing Extension at the Cushing tank 
farm; and  

• The Houston Lateral (from the Gulf Coast Segment, in Liberty County, Texas to Moore Junction, 
in Harris County, Texas). 

Approximately 1,384 linear miles of proposed new pipeline would be located in five states as listed in 
Table 2.1-1.     

TABLE 2.1-1 
Miles of New Pipe by State 

Segment State New Pipeline Milesa Mileposts (From – To)b 

Steele City Segment Montana 282.7 0-282.7 

 South Dakota 314.2 282.7-596.8 

 Nebraska 254.7 596.8-851.6 

Steele City Total  851.6 - 

Keystone Cushing Extension Nebraska 0 N/A 

 Kansas 0 N/A 

 Oklahoma 0 N/A 

Gulf Coast Segment Oklahoma 155.7 0-155.7 

 Texas 328.1 155.7-483.8 

Gulf Coast Total  483.8 - 

Houston Lateral Texas 48.6 0-48.6 

Project Total  1,383.9 - 

a Mileages are approximate and subject to change based on final approved design and routing. 
b Mileposting for each segment of the proposed Project starts at 0.0 at the northernmost point of each segment and increases in  
the direction of oil flow. 

The proposed Project would include 30 new pump stations, mainline valves (MLVs) at the pump stations, 
76 MLVs along the proposed pipeline (termed “intermediate” MLVs) based on current information, a 
tank farm at Cushing, Oklahoma that would be a delivery point, one delivery point with a surge relief 
system that includes two surge relief tanks at Nederland, and an oil delivery point and a surge relief 
system without tanks at Moore Junction.  

Construction would require a 110-foot wide construction right-of-way (ROW) in most areas, pipe 
stockpile sites, railroad sidings, and construction camps.  A 50-foot-wide ROW would be maintained 
along the proposed route during operation. 
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Keystone has Project commitments to transport approximately 600,000 bpd of crude oil, including firm 
contracts to transport 380,000 bpd of WCSB crude oil to existing PADD III delivery points.  Keystone 
also has firm contracts to transport 155,000 bpd of WCSB crude oil to Cushing in its existing Keystone 
Oil Pipeline Project, which includes the Keystone Mainline and the Keystone Cushing Extension.  If the 
proposed Project is approved and implemented, Keystone would transfer shipment of crude oil under 
those contracts to the proposed Project.  In addition, the proposed Project has firm commitments to 
transport approximately 65,000 bpd of crude oil through the planned TransCanada Pipelines Ltd. 
(TransCanada) Bakken Marketlink Project and may also transport up to 150,000 bpd of crude oil through 
the planned TransCanada Cushing Marketlink Project (both projects are described below). 

The proposed Project is planned to be in service in 2013, with the actual date dependant on receipt of all 
necessary permits, approvals, and authorizations. 

As noted in Section 1.1, the proposed Project would primarily deliver WCSB crude oil, which would 
likely be heavy crude oil based on current market forecasts, to three delivery points in the U.S. that in turn 
provide access to many other U.S. pipeline systems and terminals.  The ultimate destinations of the crude 
oil beyond these delivery points would not be contracted with Keystone and are not a part of the proposed 
Project.   

There have been no changes to the remainder of Section 2.1 that are relevant to environmental concerns. 

2.2 ABOVEGROUND FACILITIES 

2.2.1 Pump Stations 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.2.2 Mainline Valves 

As proposed and reported in the draft EIS, Keystone would install 76 intermediate MLVs along the 
proposed route and 2 MLVs at each pump station.  The intermediate MLVs would be installed within the 
permanent ROW.  The intermediate MLVs would be sectionalizing block valves; i.e., valves that divide 
up the pipeline into smaller segments that can be isolated to minimize and contain the effects of a line 
rupture.  Each MLV would be within a fenced site that would be approximately 40 feet by 50 feet.  
Inspection and maintenance personnel would access the MLVs through a gate that would be locked when 
no one is at the MLV site.    

Remotely operated intermediate MLVs would be located at major river crossings, upstream of sensitive 
waterbodies, and at other locations required by 49 CFR 195.260 and as required by Special Conditions 32 
imposed by PHMSA and agreed to by Keystone (see Section 2.3.1 and Appendix C of this SDEIS ).  As 
stipulated in Special Condition 32:  

“Keystone must design and install mainline block valves and check valves on the Keystone XL 
system based on the worst case discharge as calculated by 49 CFR § 194.105.  Keystone shall 
locate valves in accordance with 49 CFR § 195.260 and by taking into consideration elevation, 
population, and environmentally sensitive locations, to minimize the consequences of a release 
from the pipeline.  Mainline valves must be placed based on the analysis above or no more than 
twenty (20) miles apart, whichever is smaller.”  
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As a result of this condition, there would likely be a minor increase in the number of MLVs along the 
proposed route.  Keystone would be able to operate the valves remotely to shut down the pipeline in the 
event of an emergency to minimize environmental impacts if an accidental release occurs.  The remotely 
operated valves must have remote power back-up to ensure communications are maintained during 
inclement weather.  Mainline valves must be capable of closure at all times.   

2.2.3 Pigging Facilities 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.   

2.2.4 Densitometer Facilities 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.   

2.2.5 Delivery Sites 

Keystone would install two crude oil delivery facilities in Texas.  One would be at the end of the Gulf 
Coast Segment in Nederland within a terminal owned and operated by Sunoco Logistics.  The second 
would be installed at the end of the Houston Lateral in Moore Junction on a previously disturbed site.  
Each delivery facility would have a pig receiver on the incoming pipeline and would connect to a surge 
relief system and a metering system installed upstream of a manifold owned by the third party receiving 
crude oil transported by the proposed Project.  The surge relief system at the Nederland delivery site 
would include two surge relief tanks, each with a capacity of approximately 10,417 barrels (435,514 
gallons) (see Section 2.1.3 of the draft EIS).  The delivery facilities would also include pressure 
regulating equipment, flow control valves, isolation valves, and a quality measurement building that 
would include a densitometer and a sampling system.  Each delivery facility would also include a sump 
tank with injection pumps to receive oil from the drains of safety valves and traps.  The drain system 
piping would connect to the main line to return captured oil to the pipeline.   

The delivery facilities would operate on locally provided power. 

2.2.6 Cushing Tank Farm  

Keystone originally proposed to construct a tank farm in Steele City, Nebraska to manage the movement 
of oil through the system.  However, after completing a detailed operational review of the proposed 
Project, Keystone determined that there would be greater operational efficiency if the tank farm were 
installed near Cushing, adjacent to the existing Cushing Oil Terminal, which is the largest crude oil 
storage facility in the U.S. and has a substantive network of connecting crude oil pipelines.   

Keystone proposes to construct a tank farm on an approximately 74-acre site that is approximately 2,000 
feet from the southern end of the existing Cushing Oil Terminal.  The site would also include Pump 
Station 32.  The plot plan for the Cushing tank farm is presented on Figure 2.2.6-1.  As indicated on that 
figure, there is sufficient room on the site to house the facilities proposed for the Bakken and Cushing 
Marketlink projects, which are two connected actions described in Sections 2.5.3 and 2.5.4. 

The Cushing tank farm would include three, 350,000-barrel aboveground storage tanks.  Each tank would 
have a single-deck pontoon external floating roof with provisions for installation of geodesic fixed roofs.  
The tanks would be installed inside an impervious bermed area that would act as secondary containment.  
The piping in the tank farm site would be both above and below ground.  The tank farm would also 
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include four booster pumps, one sump tank, two ultrasonic meters, pig launchers and receivers, two 
electrical buildings, and parking for maintenance personnel.  The tanks and associated piping would be 
isolated electrically from the pipeline and protected by a separate cathodic protection system.    The tank 
farm would operate on locally purchased electricity and would be fully automated for unmanned 
operation.   

Down-lighting would be used to light the tank farm wherever possible to minimize impacts to wildlife.  A 
security fence would be installed around the entire tank farm.  Inspection and maintenance personnel 
would access the tank farm through a gate that would be locked when no one is at the tank farm.   

2.2.7 Ancillary Facilities 

2.2.7.1 Additional Temporary Workspace Areas 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.2.7.2 Pipe Storage Sites, Railroad Sidings, and Contractor Yards 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.   

2.2.7.3 Fuel Transfer Stations 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.   

2.2.7.4 Construction Camps 

Some areas within Montana and South Dakota do not have sufficient temporary housing in the vicinity of 
the proposed route to house all construction personnel working on spreads in those areas.  In those remote 
areas, temporary work camps would be constructed to meet the housing needs of the construction 
workforce.  A total of four temporary construction camps would be established: two would be in 
Montana, near Nashua and Baker, and two would be in South Dakota, near Union Center and Winner.  
Depending on the final construction spread configuration and construction schedule, additional or larger 
camps may be required.  The number and size of camps would be determined based on the time available 
to complete construction and to meet Keystone’s commercial commitments.  All construction camps 
would be permitted, constructed, and operated in compliance with applicable county, state, and federal 
regulations.  The relevant regulations that would have to be complied with and the permits required for 
the construction camps are presented in Table 2.2.7-3. 

Design of Camps 

Each construction camp site would be established on an approximately 80-acre site.  Of that area, 30 acres 
would be used as a contractor yard, and 50 acres would be used for housing and administration facilities.  
The camps would be constructed using modular units and would provide the required infrastructure and 
systems necessary for complete food service, housing, and personal needs, including a convenience store, 
recreational and fitness facilities, entertainment rooms and facilities, telecommunications/media rooms, 
kitchen/dining facilities, laundry facilities, and security units.  Each camp would also have a medical 
infirmary for first aid needs and to provide routine minor medical services for the workers and staff.   
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TABLE 2.2.7-3 
Construction Camp Permits and Regulations 

Agency / State Permit / Discussion 

Montana  

Montana Department of Environmental 
Quality  (MDEQ) 

Public water and sewer (PWS) laws, Title 75, chapter 6, part 1, Montana 
Code Annotated (MCA).  Rules at Administrative Rules of Montana (ARM) 
17.38 101, and Department Circulars incorporated by reference.  Require 
plan and specification review before construction of a public water or 
sewer system.  Circulars contain design requirements.  Requires water 
quality monitoring of water supply.   

Sanitation in subdivisions laws, Title 76, Chapter 4, MCA.  Rules at ARM 
Title 17, Chapter 36.  If applicable (e.g., if the site is less than 20 acres), 
requirements the same as PWS laws and Circulars for water supply and 
wastewater.  Would require additional review of stormwater systems and 
solid waste management.  (Likely not applicable unless “permanent” 
multiple spaces created for mobile homes or RVs.  76-4-102(16), MCA.) 

Water Quality Act Discharge Permits, Title 75, Chapter 5, MCA.  Rules at 
ARM Title 17, Chapter 30.  Groundwater discharge permit would be 
required if a wastewater drain field had a design capacity over 
5,000 gallons per day (gpd).  ARM 17.30.1022. 

Air Quality Permits, Title 17, Chapter 8, Subchapter 7.  Permits would be 
required for sources with potential emissions exceeding 25 tons per year 
(tpy) unless exemptions exist and are met for temporary non-road engines.

Department of Public Health and Human 
Services (DPHHS) 

Work Camp licensing laws, Title 50, Chapter 52, MCA.  Rules at ARM Title 
37, Chapter 111, Subchapter 6.  Regulations regarding water, sewer, solid 
waste, and food service.  Incorporates MDEQ PWS requirements but has 
additional water and sewer provisions.  Administered by DPHHS, Public 
Health and Safety Division, Communicable Disease Control and 
Prevention Bureau, Food and Consumer Safety Section. 

Counties Permit required for wastewater systems, regulations adopted under 
Section 50-2-116(1)(k), MCA.  Adopting state minimum standards 
promulgated by Board of Environmental Review at ARM Title 17, Chapter 
36, Subchapter 9.  Generally follow state laws for subdivisions, PWS, 
DEQ-4. 

Work camp permit required in some counties. 

South Dakota  

South Dakota Department of 
Environment and Natural Resources 
Office of Drinking Water and Waste 
Water 

Permit required for a Transient Non-community (TNC) PWS.  There also 
are sampling requirements for a TNC PWS.   

A National Pollution Discharge Elimination System Permit would be 
required for waste water discharge.   

South Dakota Administrative Rules Air Quality Permit, Chapters 74:36:04-05. The diesel-fired generator 
engines and emergency back-up generators at each camp in South 
Dakota would require a   minor operating permit, unless exemptions exist 
and are met for temporary nonroad engines. 

Counties An approach permit and a building permit may be necessary in some 
counties. 

A wide load permit is necessary for transport of modulars units to camps.   
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There would also be dedicated medical transport vehicles for both the camp sites and for the construction 
ROW. 

Housing facilities of the camps would consist of modular, dormitory-like units that house roughly 28 
occupants per unit.  The units would have heating and air conditioning systems.  The camps would be set 
up with the housing areas clustered together, with both shared and private wash rooms.  Each camp site 
would provide parking for about 100 recreational vehicles.  Each camp would accommodate 
approximately 600 people.   

Potable water would be provided by drilling a well where feasible.  If an adequate supply cannot be 
obtained from a well, water would be obtained from municipal sources or trucked to each camp.  A self-
contained wastewater treatment facility would be included in each camp except where it is practicable to 
use a licensed and permitted publically owned treatment works (POTW).  Wastewater treated on site 
would undergo primary, secondary, and tertiary treatment consisting of solids removal, bioreactor 
treatment, membrane filtration, and ultraviolet exposure.  Final effluent discharge would be in compliance 
with all applicable regulatory requirements.  If a POTW is used, Keystone would either pipe or truck 
wastewater to the treatment facility.   

Electricity for the camps would either be generated on site through diesel-fired generators, or would be 
provided by local utilities from an interconnection to their distribution system.  Keystone would contract 
with a camp supplier that would provide security 24 hours per day, 7 days per week at each camp.  
Keystone would work with the supplier to ensure that as many local employees are hired as possible to 
staff the camps 

Use of Camps 

The camps are planned to service the needs of the proposed Project work force.  As a result, the 
dormitories do not include facilities for families.  However, workers using the recreational vehicle areas 
may include family members.   

Most of the workers would be transported to and from the ROW each day by buses.  In addition, there 
would be individual crews and workers that, due to the nature of their work, would be transported to and 
from job sites by utility trucks or by welding rigs.  There would also be support workers such as 
mechanics, parts and supply staff, and supervisory personnel that would drive to the ROW in separate 
vehicles.   

Based on the current construction schedule, the camps would operate in standby mode during the winter 
(from December through March or April).  Each camp would have sufficient staff to operate and secure 
the camp plant and systems during that time period.   

Decommissioning of Camps 

Decommissioning would be accomplished in two stages.  First, all infrastructure systems would be 
removed and either hauled away for re-use, recycled, or disposed of in accordance with regulatory 
requirements.  Each site would then be restored and reclaimed in accordance with permit requirements 
and the applicable procedures described in Keystone’s CMR plan (Appendix B of the draft EIS).   
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2.2.7.5 Access Roads 

Roadway Maintenance, Repair, and Safety 

There were many comments on the draft EIS concerning the maintenance and repair of road surfaces used 
during construction and operation of the proposed Project, as well as comments expressing concern about 
roadway safety.  If the proposed Project receives all permits and approvals, Keystone would work with 
state and local road officials, the pipeline construction contractor, and a third-party road consultant to 
identify routes that would be used for moving materials and equipment between storage and work yards to 
the pipeline, valve, and pump station construction sites.  When these routes are mutually agreed upon, the 
road consultant would document the existing conditions of roads, including a video record.  When 
construction is completed, the same parties would review the road conditions, and Keystone would restore 
the roads to their preconstruction condition or better.  This restoration would be paid for by Keystone. 

Keystone would also perform a preliminary evaluation to determine the design-rated capacity of bridges 
anticipated to be used during construction and would inspect all bridges it intends to use prior to 
construction and confirm that the capacity of the bridges is adequate for the anticipated weights.  In cases 
where the bridges are not adequate to handle the maximum weight, an alternate route would be used.  
Keystone would also inspect cattle guard crossings prior to their use.  If they are determined to be 
inadequate to handle anticipated construction traffic, Keystone may place mats on crossings, establish an 
alternate crossing, enhance existing structures, or install new infrastructure with the landowner’s 
approval.  All such actions would be paid for by Keystone. 

During construction, Keystone and the pipeline contractor would maintain roads used for construction in 
a condition that is safe for both the public and work force.  Local road officials would be actively engaged 
in the routine assessment of road conditions.  

Keystone would follow all federal, state, and local safety plans and signage as set forth in current 
Manuals of Uniform Traffic Control for streets and highways, or in similar documents issued by 
regulatory agencies along the proposed route.  This would include compliance with all state and local 
permits pertaining to road and crossing infrastructure usage.   

Keystone would require that each construction contractor submit a road use plan prior to mobilization, 
coordinate with the appropriate state and county representatives to develop a mutually acceptable plan, 
and obtain all necessary road use permits.  The road use plans would identify potential scenarios that may 
occur during construction based on surrounding land use, known recreational activities, and seasonal 
influences (such as farming), and would establish measures to reduce or avoid effects to local 
communities.  Keystone would also have inspection personnel monitor road use activities to ensure that 
the construction contractors comply with the road use plans and stipulations of the road. 

Commenters also expressed concern that some counties in Montana stipulate that a private individual 
conducting maintenance of a county road becomes liable for the safety of traffic on the road.  Keystone 
has stated that to the extent it is required to conduct maintenance of any county road in Montana, it would 
be done pursuant to an agreement with the applicable county, and such agreement would address potential 
liability, including appropriate indemnity and insurance provisions.  Further, Keystone has the necessary 
insurance coverage to address such potential liability. 
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2.3 PIPELINE SYSTEM DESIGN AND CONSTRUCTION PROCEDURES 

2.3.1 Pipeline Design Parameters 

Many commenters expressed concerns about the safety of the proposed Project, the use of industry 
standards in the design of the proposed Project, and the inspection and monitoring procedures that would 
be conducted.  The USDOT’s Pipeline and Hazardous Materials Administration (PHMSA) is responsible 
for protecting the American public and the environment by ensuring the safe and secure movement of 
hazardous materials to industry and consumers by all transportation modes, including the nation’s 
pipelines.  Through PHMSA, the USDOT develops and enforces regulations for the safe, reliable, and 
environmentally sound operation of the nation’s 2.3-million-mile pipeline transportation system and the 
nearly 1 million daily shipments of hazardous materials by land, sea, and air.  Within PHMSA, the Office 
of Pipeline Safety (OPS) has the safety authority for the nation’s natural gas and hazardous liquid 
pipelines.  The proposed Project is included in the latter category.   

As described below, to protect the public and environmental resources,  Keystone would be required to 
construct, operate, maintain, inspect, and monitor the Project in compliance with the PHMSA 
requirements presented in 49 CFR 195 (Transportation of Hazardous Liquids by Pipeline), as well as 
relevant industry standards, and applicable state standards.  These regulations specify pipeline material 
and qualification standards, minimum design requirements, and required measures to protect the pipeline 
from internal, external, and atmospheric corrosion.  The regulations are designed to prevent crude oil 
pipeline accidents and to ensure adequate protection for the public. 

In addition, Keystone would comply with a set of 57 Special Conditions developed by PHMSA for the 
proposed Project (presented in Appendix C of this SDEIS).  Originally, PHMSA began development of 
these conditions in consideration of a special permit request from Keystone that, if granted, would have 
allowed Keystone to operate the Project at a maximum operating pressure higher than would be allowed 
using the specified design factor in 49 CFR 195.106.  On August 5, 2010, Keystone withdrew its 
application to PHMSA for a special permit.  However, DOS continued to work with PHMSA to develop 
Special Conditions in response to comments received about pipeline construction, operation, and 
maintenance.  Keystone agreed to incorporate the Special Conditions into the proposed Project and would 
include those conditions in its manual for operations, maintenance, and emergencies that is required by 49 
CFR 195.402.  PHMSA has the legal authority to inspect and enforce any items contained in a pipeline 
operator’s operations, maintenance, and emergencies manual, and would therefore have the legal 
authority to inspect and enforce the 57 Special Conditions if the proposed Project is approved.  
Incorporation of those conditions would result in a Project that would have a degree of safety over any 
other typically constructed domestic oil pipeline system under current code and a degree of safety along 
the entire length of the pipeline system similar to that which is required in High Consequence Areas 
(HCAs) as defined in 49 CFR 195.450. 

Several commenters have recommended that the pipeline be constructed above ground.  While it would 
be technically feasible to construct the pipeline aboveground in most areas along the proposed route, there 
are many disadvantages to an aboveground pipeline.  In comparison to an aboveground pipeline, burying 
a pipeline reduces the potential for pipeline damage due to vandalism, sabotage, and the effects of other 
outside forces, such as vehicle collisions.  Further, there has been increased concern about homeland 
security since the September 11, 2001 attacks, and burying the pipeline provides a higher level of 
security.  Further, an above ground pipeline would be more susceptible to the effects of ambient 
temperature, wind, and other storm events.  Construction of an aboveground pipeline would also require 
exposing the pipeline above rivers (e.g., hung from a bridge or constructed as a special pipeline span) and 
roadways where it would be more accessible to those intent on damaging the pipeline.   
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Nearly all petroleum pipelines in the U.S. are buried, and Keystone has also proposed to bury the 
proposed Project pipeline.  As described above, the facilities would be designed, constructed, tested, and 
operated in accordance with the regulations in 49 CFR 195, the 57 Special Conditions provided to 
Keystone by PHMSA, and all other applicable federal and state regulations.   

If the proposed Project is approved and implemented, PHMSA would maintain continual regulatory 
oversight over the Project, throughout construction, testing, start-up, operation, and maintenance.  The 
PHMSA regulations presented in 49 CFR 195 Transportation of Hazardous Liquids by Pipeline specify 
pipeline material and qualification standards, minimum design requirements, and required measures to 
protect the pipeline from internal, external, and atmospheric corrosion.  The regulations are designed to 
prevent crude oil pipeline accidents and to ensure adequate protection for the public.  Section 2.3.1 
presents the major pipeline design considerations of the proposed Project.  In addition, the Special 
Conditions provide more stringent requirements for many of these design factors. 

EPA submitted a comment expressing concern that the non-transportation related equipment and activities 
at pump stations, breakout tanks, and the tank farm may require the submission and some cases, approval, 
of a Facility Response Plan (FRP) as required under 40 CFR 112.20.  However, it appears unlikely that 
the proposed Project would be required to submit an FRP under 40 CFR 112.20 for equipment and 
activities at the pump stations, the Cushing tank farm, or the surge relief tanks at the Nederland delivery 
point.  Those facilities would not house any non-transportation-related equipment or activities subject to 
the requirement to prepare and submit an FRP.  Further, 40 CFR 112.20 requires an FRP if a facility 
could reasonably be expected to cause substantive harm to the environment by discharging oil into or on 
the navigable waters or adjoining shorelines.  However, if EPA makes the determination that any or all of 
those facilities meet the criteria for an FRP within 40 CFR 112.20, Keystone would be required to prepare 
and submit an FRP to EPA for review.  

In addition, Keystone would prepare an Emergency Response Plan (ERP) as required by 49 CFR 194 
(Response Plans for Onshore Oil Pipelines).  That plan would be submitted to PHMSA for review and 
approval prior to initiation of operation of the proposed Project.  The ERP is addressed in Sections 2.4.2.2 
and 3.13.5.5. 

All pipe used for the proposed Project would be required to be in compliance with the pipe design 
requirements of 49 CFR 195, Subpart C (Design Requirements) and PHMSA Special Conditions 1 
through 4, 7, and 8.  The pipeline would be constructed of high-strength X70 steel pipe that would be 
mill-inspected by an authorized owner’s inspector and mill-tested to API 5L (American Petroleum 
Institute [API] 5L7) specification requirements.  Key design parameters applicable to the proposed Project 
pipeline are listed in Table 2.3.1-1.   

TABLE 2.3.1-1 
Pipe Design Parameters and Specification 

Pipe Design Parameters Specification 

Material code   API 5L-PSL2-44th Edition   
Material grade thousand pounds of pressure per square 
inch (ksi) (yield strength)a  

Grade X70  

Maximum pump station discharge   1,300 pounds per square inch gauge (psig)   

Maximum Operating Pressure (MOP)   1,300psig; 1,600 psiga   

                                                 
7 The American Petroleum Institute (API) 5L test standard is used to determine the fracture ductility of metal line pipe. Specimens 
are cut from sections of pipe, soaked at a prescribed temperature, and tested within 10 seconds. 
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TABLE 2.3.1-1 
Pipe Design Parameters and Specification 

Pipe Design Parameters Specification 
Minimum hydrostatic test pressure   In conformance with Special Conditions 8 and 22, the 

pipe must be subjected to a mill hydrostatic test pressure 
of 95% SMYS or greater for 10 seconds and the pre-in 
service hydrostatic test must be to a pressure producing 
a hoop stress of a minimum 100% SMYS for mainline 
pipe and 1.39 times MOP for pump stations for eight (8) 
continuous hours. The hydrostatic test results from each 
test must be submitted in electronic format to the 
applicable PHMSA Director(s) in PHMSA Central, 
Western and Southwest Regions after completion of 
each pipeline. 

Joint length (feet)   Nominal 80-foot (double-joint)   
Field production welding processes   Mechanized – gas metal; arc welding (GMAW); Manual- 

shielded metal arc welding (SMAW)   
Pipeline design code   49 CFR Part 195   

Outside diameter   36 inches   
Line pipe wall thickness (0.72 design factor as per 49 
CFR 195.106)   

0.465 inch   

Heavy wall  thickness – High Consequence Areas 
(HCAs) including, high population areas, other populated 
areas, unusually sensitive areas, including drinking 
water and ecologically sensitive areas, mainline valve 
and pump station valve sites. 

0.515 inch    

Heavy wall thickness – directly downstream of pump 
stations at lower elevations as determined by steady 
state and transient hydraulic analysis. a   

0.572 inch   

Heavy wall thickness – uncased road and cased  railway 
crossings   

 0.618 inch  

Heavy wall thickness – uncased railway crossings, 
horizontal directional drillings (HDDs)a 

0.748 inch  

a The design of the proposed Project pipeline system is based on a maximum 1,308 pounds per square inch gauge (psig) discharge 
pressure at each pump station.  The pump station discharge pressure would be a maximum of 1,308 psig.  There would be 
situations where, due to elevation changes, the hydraulic head created would result in a Maximum Operating Pressure of up to and 
including 1,600 psig.  Suction pressure at the pump stations is generally on the order of 200 psig.   

Commenters have expressed concern about the quality of pipe used for the proposed Project and the 
countries of origin of the pipe.  Keystone has stated that approximately 75 percent of the pipe for the U.S. 
portion of the proposed Project would be purchased from North American pipe manufacturing facilities 
and that regardless of the country of origin, it would purchase pipe only from qualified pipe suppliers and 
trading houses.  Qualification includes comprehensive evaluations of manufacturing facilities, extensive 
technical discussions with the lead quality control and metallurgy personnel, and a clear demonstration 
that the mills can meet the requirements to produce and test pipe in accordance with Keystone’s standards 
and specifications.8  In addition, as noted above, all pipe used for the proposed Project would have to be 
manufactured and tested in accordance with the requirements of 49 CFR 195 and the 57 Project-specific 
Special Conditions developed in consultation with PHMSA and accepted by Keystone.   

Keystone would review, and if appropriate, approve the pipe manufacturer’s procedure specifications 
prior to the pipe mill initiating purchase or production of steel to ensure the material meets the API 5L 

                                                 
8 Keystone would use TransCanada Pipelines pipe specifications for the proposed Project. 
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Line Pipe Specification and Keystone’s Corporate Specifications and Project-specific requirements.  
Surveillance personnel would be stationed in the pipe mill through the duration of production to inspect 
the finished pipe and monitor compliance to the specifications throughout the manufacturing process.  
These personnel would monitor things such as mill test reports and other appropriate documentation, 
including production logs, steel quality, fabrication, welding rejection summaries, lab results, and non-
conformance reports. 

TransCanada’s pipe manufacturing specifications also specify that any deviation in the rolling process 
requires testing to be recommenced from the point of deviation to ensure uniformity.  Finally, additional 
mechanical and chemical property tests based on steel grade, plate, and/or coil would be completed based 
on the steel manufacturing process as well as rolling and cooling temperatures.  Those tests ensure that 
steel properties are not variable.   

To protect against corrosion, an external coating (fusion-bonded epoxy, or FBE) would be applied to the 
pipeline and all buried facilities, and cathodic protection (CP) would be applied to the pipeline by 
impressed current.   These measures would be provided in compliance with 49 CFR Part 195, Subpart H 
(Corrosion Control) and the requirements of 14 of the PHMSA 57 Special Conditions (see Appendix C of 
this SDEIS).  The primary impressed current CP systems would be rectifiers coupled to semi-deep 
vertical anode beds at each pump station, as well as rectifiers coupled to deep-well anode beds at selected 
intermediate mainline valve sites.  The rectifiers would be variable output transformers which would 
convert incoming AC power to DC voltage and current to provide the necessary current density to the CP 
design structures.  The rectifiers would have a negative cable connection to the design structure and a 
positive cable connection to the anode beds.  The anode beds would consist of high silicon cast iron 
anodes backfilled with a highly conductive coke powder to allow for an expected anode minimum life of 
20 years.  During operation, the CP system would be monitored and remediation performed to prolong the 
anode bed and systems.  The semi-deep anode beds would be 12-inch-diameter vertical holes spaced 15 
feet apart with a bottom hole depth of approximately 45 feet.  The deep-well anode bed would be a single 
12-inch-diameter vertical hole with a bottom hole depth of approximately 300 feet.    

Trench excavation would typically be to depths of between 7 and 8 feet, with a trench width of 
approximately 4 to 5 feet.  In most areas, there would be a minimum of 4 feet of cover over the pipeline 
after backfilling.   The depth of burial would be in compliance with PHMSA Special Condition 19 which 
states the following: 

“19) Depth of Cover: Keystone shall construct the pipeline with soil cover at a minimum depth of 
forty-eight (48) inches in all areas, except in consolidated rock.  The minimum depth in 
consolidated rock areas is thirty-six (36) inches.”   

In addition, the depth of burial at waterbodies, ditches, drainages, and other similar features would be 60 
inches, except in rocky areas where the minimum burial depth would be 36 to 48 inches.  Where major 
waterbodies are crossed using the HDD method, the depth from the streambed to the top of the pipe 
would be substantively greater than 60 inches.    

 Special Condition 19 also requires that Keystone maintain the depth of cover after construction is 
completed.  Specifically, the condition states the following: 

“Keystone shall maintain a depth of cover of 48 inches in cultivated areas and a depth of 42 
inches in all other areas.” 
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Some commenters recommended that Keystone install “warning tape” over the pipeline to alert 
excavators to the presence of the pipeline.  Keystone would comply with the following stipulations of 
PHMSA Special Condition 19 that relates to the use of warning tape.   

“In cultivated areas where conditions prevent the maintenance of forty-eight (48) inches of cover, 
Keystone must employ additional protective measures to alert the public and excavators to the 
presence of the pipeline.  The additional measures shall include: 

a) Placing warning tape and additional line-of-sight pipeline markers along the affected 
pipeline segment,  

b) In areas where threats from chisel plowing or other activities are threats to the pipeline, 
the top of the pipeline must be installed and maintained at least one foot below the 
deepest penetration above the pipeline, not to be less than 42-inches of cover.” 

2.3.2 Planned Pipeline Construction Procedures 

There have been no substantive changes to Sections 2.3.2.1 through 2.3.2.3 and therefore they are not 
included in the SDEIS.  DOS notes however that the construction-related Special Conditions developed in 
consultation with PHMSA and accepted by Keystone (see Appendix C of the SDEIS) would apply to all 
construction activities.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.   

2.3.2.4 Pipe Stringing, Bending, and Welding 

After the pipe sections are bent, the pipeline joints would be lined up and held in position until welding.  
The joints would be welded together to create long “strings” that would be placed on temporary supports.  
All welds would be inspected using non-destructive radiographic, ultrasonic, or other methods that 
provide an equivalent or better level of safety as those required in 49 CFR Part 195.  All aspects of 
welding, including reporting, would be conducted in compliance with the requirements of 49 CFR 
195.228 and PHMSA Special Conditions 4, 5, 6, 12, 18, and 20 (Appendix C of this SDEIS).  Welds that 
do not meet established specifications would be repaired or removed and replaced.  Once the welds are 
approved, a protective epoxy coating would be applied to the welded joints to inhibit corrosion. 

2.3.2.5 Installing and Backfilling 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.3.2.6    Hydrostatic Testing 

In addition to hydrostatic testing at the pipe mills, the pipeline would be hydrostatically tested prior to 
putting the pipe into service and after backfilling and all construction work that could directly affect the 
pipe is complete.  The testing would be conducted in pipeline sections approximately 30 to 50 miles long.  
Hydrostatic testing would provide assurance that the system is capable of withstanding the maximum 
operating pressure and would be conducted in accordance with the regulatory requirements of 49 CFR 
Part 195, Subpart E (Pressure Testing) and the stipulations in PHMSA Special Conditions 5, 20, 22, and 
23 (Appendix C of this SDEIS).  The process would be conducted as follows: 

• Isolate the pipe section being tested with test manifolds; 

• Fill the section with water; 
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• Pressurize the section to a pressure that would produce a hoop stress of a minimum of 100 
percent of the specified minimum yield strength for the mainline pipe and 1.39 times the 
maximum operating pressure for pump stations; and 

• Maintain that pressure for a period of 8 hours. 

2.3.2.7 Pipe Geometry Inspection, Final Tie-ins, and Commissioning 

After hydrostatic testing is complete, the pipeline would be inspected using an electronic caliper 
(geometry) pig to check for dents or other deformations and where appropriate, pipe sections would be 
replaced in accordance with the requirements of 49 CFR 195 and the Special Conditions in Appendix C 
of this SDEIS.  The final pipeline tie-ins would then be welded and inspected. 

After the final tie-ins are complete and inspected, the pipeline would be cleaned and dewatered and the 
pipeline would be commissioned through the verification of proper installation and function of the 
pipeline and appurtenant systems, including control and communication equipment, based on the 
requirements of 49 CFR 195 and the relevant PHMSA Special Conditions.   

2.3.2.8 Cleanup and Restoration 

Pipeline markers would be provided for identification of the pipeline location for safety purposes in 
accordance with the requirements of 49 CFR 195.410 (Line Markers) and PHMSA Special Condition 40 
(Appendix C of this SDEIS), including the following: 

• Pipeline markers would be installed on both sides of all highways, roads, road ROWs, railroads, 
and waterbody crossings.  Additional markers must be placed in areas where the pipeline is 
buried less than 48 inches; 

• Pipeline markers would be made from industrial strength materials to withstand abrasion from 
wind and damage from cattle; 

• Pipeline markers would be installed at all fences; 

• Pipeline markers would be installed along the ROW to provide line-of-sight marking of the 
pipeline, providing it is practical to do so and consistent with the type of land use, such that it 
does not hinder the use of the property by the landowner.  Pipeline markers would be installed at 
all angle points, and at intermediate points, where practical, so that from any marker, the adjacent 
marker in either direction would be visible; 

• Consideration would be given to installing additional markers, except where they would interfere 
with land use (e.g., farming); 

• Aerial markers showing identifying numbers would be installed at each pump station and MLV 
site; and  

• At each MLV site and pump station, signs would be installed and maintained on the perimeter 
fence where the pipeline enters and exits the fenced area.  

2.3.2.9 Post-Construction Reclamation Monitoring and Response 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 
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2.3.3 Special Construction Procedures 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.3.4 Aboveground and Ancillary Facilities Construction Procedures 

There have been no substantive changes to Sections 2.3.4.1 and 2.3.4.2 and therefore they are not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov. 

2.3.4.3 Mainline Valves, Pigging and Densitometer Facilities, and Delivery Sites  

MLV construction would occur during mainline pipeline construction.  All MLVs would be within the 
permanent ROW.  To facilitate year-round access, the MLVs would be located as near as practicable to 
existing public roads.  The construction sequence would consist of clearing and grading followed by 
trenching, valve installation, fencing, cleanup, and site restoration.  If necessary, new access roads would 
be constructed into the fenced MLV sites.  Two 10,417-barrel surge relief tanks would be installed at the 
end of the Gulf Coast Segment in Nederland on at a previously disturbed site with an industrial property.  
The area would be graded as necessary for installation of the tank foundations, and the tanks would be 
installed inside a bermed, impervious area that would act as secondary containment.   

2.3.5 Construction Schedule, Workforce and Environmental Inspection 

Based on the current permitting schedule, the proposed Project is planned to be placed into service in 
2013, with the actual date dependant on dates of receipt of all necessary permits, approvals, and 
authorizations.   

2.4 OPERATIONS AND MAINTENANCE 

The proposed Project would be operated, maintained, monitored, and inspected in accordance with 49 
CFR 194 and 195 and other applicable federal and state regulations.  In addition to the requirements of 49 
CFR 195, Keystone has agreed to incorporate 57 Special Conditions recommended by PHMSA that 
address Project operation, inspection, and monitoring (presented in Appendix C of this SDEIS).  The 
operational requirements of 49 CFR 195 and the PHMSA Special Conditions related to operation of the 
Project (see Appendix C of this SDEIS) would be included in the Project’s operations, maintenance, and 
emergencies manual that would be required by 49 CFR 195.402, and they would also be incorporated into 
Keystone’s existing Operations Control Center (OCC) in Calgary, Canada.   

PHMSA regulations at 49 CFR 195.450 and Special Condition 14 require that pipeline operators identify 
areas along the proposed pipeline corridor that would be considered High Consequence Areas (HCAs).  
While some of these areas need to be defined through sophisticated risk modeling, in general they are 
specific locales where an accidental release from a hazardous liquid pipeline could produce significant 
adverse consequences as described in 49 CFR 195.450.  HCAs include navigable waterways, high 
population areas, and unusually sensitive areas.  Keystone would need to identify the HCAs along the 
proposed route.  Population changes along the route would be monitored throughout pipeline operation 
and any additional HCAs identified as necessary.  Keystone would conduct a pipeline integrity 
management program in HCAs as required by 49 CFR 195.452 (Pipeline Integrity Management in High 
Consequence Areas).   
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2.4.1 Normal Operations and Routine Maintenance 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.4.2 Abnormal Operations 

2.4.2.1 SCADA and Leak Detection 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.4.2.2 Emergency Response Procedures 

A Project-specific ERP would be prepared for the system, which would be submitted to and approved by 
PHMSA’s prior to operation.  There were many comments on the ERP, including suggestions that a 
supplemental draft EIS be issued to include a more complete ERP and allow for public review of that 
plan.  Those issues are addressed below along with additional information on the proposed Project ERP.   

PHMSA requires that pipeline operators prepare and abide by more than one written emergency plan for 
responding to emergencies on their systems.  First, 49 CFR 194, which is based on the Clean Water Act 
(CWA) of 1974 as amended by the Oil Pollution Act of 1990 (OPA 90) and direction of Executive Order 
12777, requires that pipeline operators have response plans that ensure resources are available to remove, 
mitigate, or prevent a discharge from an oil pipeline that could cause substantive or significant harm to 
the environment, including a worst-case discharge.  As stated in 49 CFR 194.7(a), a pipeline operator 
“may not handle, store, or transport oil unless the operator has submitted a response plan meeting 
requirements of this part,” and as stated in 49 CFR 194.7(b), operators must also operate onshore pipeline 
facilities in accordance with the approved response plan.  In addition, 49 CFR 194.107 requires that the 
response plan include “procedures and a list of resources for responding, to the maximum extent 
practicable, to a worst case discharge, and to a substantive threat of such a discharge.”  Those plans are 
reviewed by PHMSA for sufficiency prior to approval.  In addition, EPA has similar authority under 
CWA and OPA 90 with respect to its regulation of onshore non-transportation related facilities and has 
promulgated its own, distinct regulations for compliance with the CWA.  However, as noted in Section 
2.3.1, it appears that none of the facilities or activities associated with the proposed Project would be non-
transportation-related equipment or activities subject to the EPA regulatory authority.   

In addition, under authority of the Pipeline Safety Act, as amended, the USDOT promulgated the Pipeline 
Safety Regulations presented in 49 CFR Parts 190 through 199.  Among other requirements in those 
regulations, 49 CFR 195 requires that liquid pipeline operators prepare and follow a procedural manual 
for operations, maintenance, and emergencies.  This written plan must follow PHMSA requirements for 
conducting normal operations, maintenance activities, abnormal operations, and emergencies.  PHMSA 
inspectors review this plan for adequacy and ensure that operators are following the plan during periodic 
on-site inspections.  

As a result, both of the proposed Project’s emergency response plans would be thoroughly reviewed by 
PHMSA.  After PHMSA review, Keystone would revise the documents as requested by PHMSA.  The 
ERP would then be reviewed by the U.S. EPA, the U.S. Coast Guard, and states, counties, municipalities, 
and responders along the proposed route.  Keystone would revise the ERP in response to those reviews as 
appropriate and as approved by PHMSA.  The final ERP must be approved prior to operation and is 
typically prepared after most project construction is complete and specific information on the location of 
key project facilities and access roads are available. 
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While a draft ERP for the proposed Project is therefore not yet available, Keystone prepared an ERP for 
the existing Keystone Oil Pipeline Project that was approved by PHMSA prior to the startup of that 
pipeline in 2010.  The ERP for the proposed Project would have the same general approach but would 
have many specific differences, such as the names and contact information for responders along the 
proposed Project route.  The publically available portion of the Keystone Oil Pipeline Project ERP is 
included as Appendix C to the draft EIS (some of the ERP is considered confidential by PHMSA and the 
U.S. Department of Homeland Security).  As described in Section 3.13.1.1, that document would be used 
as a template for the ERP for the proposed Project.  Project-specific information would be inserted into 
the ERP as it becomes available.  Once the proposed Project route is finalized, field work would 
commence in collecting relevant information to be incorporated into the ERP for the proposed Project, 
which would then be submitted to PHMSA for review and approval.  In addition, response equipment 
would be procured and strategically positioned along the route, staff would be trained in spill response 
and the Incident Command System, and emergency services and public officials would be educated on all 
aspects of the proposed Project and what their roles would be if an accidental release were to occur.  If a 
release were to occur, Keystone and its contractors would be responsible for recovery and cleanup. 

The specific locations of Keystone’s emergency responders and equipment would be determined upon 
conclusion of the pipeline detailed design and described in the ERP.  Company emergency responders 
would be placed consistent with industry practice and in compliance with applicable regulations, 
including 49 CFR Parts 194 and 195.  The response time to transfer additional resources to a potential 
leak site would follow an escalating tier system, with initial emergency responders capable of reaching all 
locations within 6 hours in the event of a spill.  Typically, emergency responders would be based in closer 
proximity to the following areas: 

• Commercially navigable waterways and other water crossings; 

• Populated and urbanized areas; and 

• Unusually sensitive areas, including drinking water locations, ecological, historical, and 
archaeological resources. 

Types of emergency response equipment situated along the pipeline route would include pick-up trucks, 
one-ton trucks and vans; vacuum trucks; work and safety boats; containment boom; skimmers; pumps, 
hoses, fittings and valves; generators and extension cords; air compressors; floodlights; communications 
equipment including cell phones, two way radios and satellite phones; containment tanks and rubber 
bladders; expendable supplies including absorbent booms and pads; assorted hand and power tools 
including shovels, manure forks, sledge hammers, rakes, hand saws, wire cutters, cable cutters, bolt 
cutters, pliers and chain saws; ropes, chains, screw anchors, clevis pins and other boom connection 
devices; personnel protective equipment (PPE) including rubber gloves, chest and hip waders and 
airborne contaminant detection equipment; and wind socks, signage, air horns, flashlights, megaphones 
and fluorescent safety vests.  Emergency response equipment would be maintained and tested in 
accordance with manufacturers recommendations.  

Additional equipment including helicopters, fixed wing aircraft, all-terrain vehicles, snowmobiles, 
backhoes, dump trucks, watercraft, bull dozers, and front-end loaders could also be accessed depending 
upon site-specific circumstances.  Other types, numbers and locations of equipment would be determined 
upon conclusion of the pipeline detailed design and the completion of the ERP for the proposed Project. 

Several federal regulations define the notification requirements and response actions in the case of an 
accidental release, including the National Oil and Hazardous Substances Pollution Contingency Plan (40 
CFR Part 300), the CWA, and OPA 90.     
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If an accidental release occurs, Keystone would implement several procedures to mitigate damage, 
including a line shut down.  Other procedures would include immediate dispatch of a first responder to 
verify the release and secure the site.  Simultaneously, an Incident Command System would be 
implemented and internal and external notifications would take place.  The National Response Center 
(NRC) would be notified if the release meets one of the prescribed criteria.  Keystone and the NRC would 
also notify other regional and local emergency response agencies as quickly as possible.  All of this 
information would be included in the ERP for the proposed Project.     

Many commenters expressed concern that an accidental release of heavy crude oil from the proposed 
Project would require unique methods to clean up the oil.  As described in Section 3.13.5.3, WCSB heavy 
crude oil is similar to heavy crude oil currently being processed in refineries in the Houston area and 
elsewhere in the U.S.  As a result, the behavior of WCSB heavy crude oil after an accidental release from 
the proposed Project would be similar to that of other heavy crude oils transported in pipelines in the U.S. 
and accidentally released.  Therefore, the methods used to cleanup crude oil accidentally released from 
the proposed Project would be the same as those used elsewhere in the U.S. when heavy crude oil is 
accidentally released from a pipeline.   

Some commenters also suggested that the EIS should provide alternatives to the ERP and evaluate those 
alternatives as a part of the NEPA environmental review process.  Keystone’s ERP would be prepared to 
meet the PHMSA requirements in 49 CFR 194 and would reflect actual field conditions.  Due to the range 
of possible accidental release scenarios (including timing, size, location, season, weather conditions, and 
many other variables), it is not possible to assess the impact of each and every response and cleanup 
scenario.  As a result, NEPA environmental reviews do not assess the relative effectiveness of specific 
procedures and ERP alternatives.  Instead, ERPs are assessed prior to the startup of operations by the 
federal, state, and local agencies with relevant expertise and regulatory authority. 

In the event of a suspected release or if a release is reported to the OCC, after verification there would be 
an emergency pipeline shutdown.  This would involve stopping all operating pumping units at all pump 
stations.  The on-call response designate would respond to and verify an incident.  Once the OCC notifies 
the individual and an assessment of the probability and risk is established, field personnel could elect to 
dispatch other resources as soon as practical.  Response efforts would first be directed to preventing or 
limiting any further contamination of the waterway, once any concerns with respect to health and safety 
of the responders have been addressed.   

Many commenters expressed concern about abnormal pipeline operations that could result in an 
explosion.  A review of PHMSA data related to pipeline accidents indicates that most “petroleum or 
hydrocarbon pipeline explosions” occur in pipelines that are transporting highly flammable, highly 
volatile hydrocarbons such as natural gas, liquid propane gas (LPG), propane, gasoline, naphtha, or 
similar products.  Typically, any of those materials accidentally released from the pipeline form a 
flammable vapor cloud that can explode when it reaches a certain concentration level in air, particularly 
in a confined space.  In rare cases diesel, gas condensate, kerosene, or similarly-refined liquid 
hydrocarbon ignite and burn explosively if the vapors are exposed to a fire or similar high temperature 
heat source, usually a fire caused by some other accident.    

As noted in Section 3.13, PHMSA data for onshore oil and hazardous material pipelines indicate that only 
6 of 2,706 (0.2 percent) of incidents that occurred from 1990 through 2009 were attributed to 
“fire/explosion as a primary cause.”  A search of the internet for reports of crude oil pipeline explosions 
suggests that (1) there are very few if any explosions in crude oil pipeline operation that were the result of 
a failure of the pipeline as a primary cause, and (2) the very few that have occurred are attributable to 
explosions in ancillary facilities or errors in operations unassociated with crude oil transportation.  For 
example, the recent explosion and fire in the crude oil pipeline/storage tank area in Dalian, China 
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occurred as a result of an improper desulfurization operation; the primary cause was not the transport of 
crude oil in the pipeline. 

The proposed Project would use pump stations that are powered by electricity; as a result, there would not 
be natural gas or other petroleum products at the facility that could ignite explosively.  An accidental 
crude oil spill from the pipeline or at a pump station would likely result in some hydrocarbon vapors, but 
they would not be in confined spaces and therefore would be unlikely to explode. 

A fire associated with a release from a crude oil pipeline is relatively rare.  In the event of a fire, local 
emergency responders would execute the roles listed above and more specifically in the ERP, and 
firefighters would take actions to prevent the crude oil fire from spreading to residential areas.   

2.4.2.3 Remediation 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.4.3 Operations and Maintenance Conditions Imposed by PHMSA 

This section has been deleted since Keystone has withdrawn its application for a special permit.   

2.5 CONNECTED ACTIONS 

In the draft EIS, DOS identified two actions separate from the proposed Project that are not part of the 
Presidential Permit application submitted by Keystone and determined that they are connected actions for 
the purposes of this NEPA review as defined by 40 CFR 1508.25(a)1.  Those actions were the proposed 
construction and operation of:  

• Electrical substations and power distribution lines; and  

• The Big Bend to Witten 230-kilovolt (kV) transmission line (formerly the Lower Brule to Witten 
230-kV transmission line).  

After the draft EIS was issued, two additional potential connected actions were identified:  

• The Bakken Marketlink Project; and  

• The Cushing Marketlink Project.   

Preliminary information on the design, construction, and operation of these two additional connected 
actions is described in Sections 2.5.3 and 2.5.4 of this SDEIS.  Although the permit applications for these 
projects would be reviewed and acted on by other agencies, the potential impacts of these projects have 
been analyzed based on currently available information and are addressed in Section 3.15.  However, only 
limited information was available on the design, construction, and operation of the projects.  Since these 
projects involve non-federal lands, they will be considered by BLM in its assessment of cumulative 
impacts relative to the proposed Project ROW application.   

No changes that are relevant to environmental concerns have been made to the information presented for 
those projects in the draft EIS.  However, the proposed location of a 115-kV electrical power distribution 
line to pump station 13 of the proposed Project that would be constructed, owned, and operated by 
Tongue River Electric Cooperative, Inc. would cross federal lands managed by BLM in Section 32, 
Township 13 N, Range 53 E in Prairie County, Montana.  The BLM will therefore consider this specific 
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power distribution line as a connected action to the proposed Project for the purposes of their NEPA 
analysis.  Additionally, the power distribution lines that would connect with proposed Project pump 
stations 9 and 10 would also cross federal lands and are therefore considered connected actions to the 
proposed Project for the purposes of the BLM NEPA analysis.  Additionally, as a result of a request for 
financing from Basin Electric Power Cooperative (BEPC) to the Rural Utilities Service (RUS) of the U.S. 
Department of Agriculture for the Big Bend to Witten 230-kV transmission line (formerly the Lower 
Brule to Witten 230-kV transmission line), compliance with NEPA, Section 106 of the NHPA, and other 
environmental review requirements will be the responsibility of the RUS as the lead federal agency. 

2.5.1 Electrical Substations and Power Distribution Lines (New Title) 

Information from Sections 2.5.1.1 and 2.5.2.1 of the draft EIS will be combined in this section for the 
final EIS.  There have been no substantive changes to those sections and therefore they are not included in 
this SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

2.5.2 Big Bend to Witten 230-kV Transmission Line (New Title) 

Information on the Big Bend to Witten 230-kV transmission line (formerly the Lower Brule to Witten 
230-kV transmission line) presented in Sections 2.5.1.2 and 2.5.2.2 of the draft EIS will be combined in 
this section for the final EIS.  There have been no substantive changes to those sections and therefore they 
are not included in this SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov. 

2.5.3 Bakken Marketlink Project 

Keystone Marketlink LLC (Keystone Marketlink), a wholly-owned subsidiary of TransCanada Pipelines 
Ltd. (TransCanada) plans to construct and operate the Bakken Marketlink Project.  That project would 
include construction of facilities to provide crude oil transportation service from near Baker, Montana to 
Cushing, Oklahoma via the proposed Project and from Cushing to delivery points at Nederland and 
Moore Junction (east of Houston), Texas via the proposed Project.  After a successful Open Season, 
TransCanada, on behalf of Keystone Marketlink, obtained commitments for transport of approximately 
65,000 bpd of crude oil through the Bakken Marketlink Project.  Baker is near many existing and 
proposed crude oil gathering systems, pipelines, and crude oil storage tanks, and the Bakken Marketlink 
project would provide direct access to PADD II and PADD III markets.  The announced target in-service 
date for the Bakken Marketlink Project is the first quarter of 2013, with construction expected to begin in 
the second quarter of 2012.   

The Bakken Marketlink project would consist of piping, booster pumps, meter manifolds and two tank 
terminals; one terminal would be near Baker, Montana, and the second would be at the proposed Cushing 
tank farm.  The Bakken Marketlink facilities near Baker would include two, 250,000-barrel tanks that 
would be used to accumulate crude oil from connecting third-party pipelines and terminals and a 100,000-
barrel tank that would be use for operational purposes.  The larger tanks would be approximately 60 feet 
high and 181 feet in diameter, and the smaller tank would be approximately 60 feet high and 130 feet in 
diameter.  The facilities in the vicinity of Baker are depicted on Figures 2.5.3-1and 2.5.3-2.  As noted in 
Figure 2.5.3-2, the tank farm would be located adjacent to proposed Pump Station 14 and the northeastern 
and northwestern property boundaries would extend along the borders of the ROWs for the proposed 
Project and the Bridger Pipeline.  The site of the tank farm and Pump Station 14 would have an area of 
approximately 15 acres and the offsite metering manifold would have an area of approximately 9 acres.  
The location of the offsite metering manifold has not been identified but would likely be in close 
proximity to the tank farm site.  There would also be a 16-inch-diameter pipeline about 5 miles long that 
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would extend from an existing crude oil tank farm to the Bakken Marketlink facilities.  The route of that 
pipeline has not been determined.   

The Bakken Marketlink Project facilities at the Cushing tank farm would include two 250,000-barrel 
tanks that would be used for batch accumulation from the Baker facilities (see Figure 2.5.3-3).  The tanks 
would be approximately 60 feet high and 181 feet in diameter.  A plot plan for the tank farm near Cushing 
that includes the Bakken Marketlink tanks, the Cushing Marketlink tanks, and two portions of the 
proposed Project (the Cushing tank farm and Pump Station 32) is depicted in Figure 2.5.3-4.  The 
facilities at Cushing would connect to third-party terminals that would be constructed by others.   

Crude oil in the Bakken Marketlink storage tanks at the Cushing tank farm would either be pumped to the 
proposed Project for delivery to PADD III or delivered to other pipelines and tank farms near Cushing.  
The Cushing tank farm would be near many pipelines, storage facilities, and refineries since Cushing is a 
major crude oil marketing, refining, and pipeline hub that provides shippers with many delivery options 
and market access.  Delivery of the crude oil to Nederland would be as described in this EIS for the 
proposed Project. 

2.5.4 Cushing Marketlink Project 

Keystone Marketlink also plans to construct and operate the Cushing Marketlink Project.  This project 
would include construction and operation of facilities that would provide crude oil transportation service 
from the planned Cushing Marketlink facilities at the proposed Cushing tank farm via the proposed 
Project to delivery points at Nederland and Moore Junction (east of Houston), Texas.  After a successful 
Open Season, TransCanada, on behalf of Keystone Marketlink, obtained commitments for transport of 
approximately 150,000 bpd of crude oil through the Cushing Marketlink Project.  The Cushing tank farm 
would be adjacent to the Cushing Oil Terminal, which is a key pipeline transportation and crude oil 
storage hub with over 50 million barrels of storage capacity.  As a result, the Cushing Marketlink Project 
would be near many pipelines and storage facilities that could ship crude oil to the Cushing Marketlink 
facilities.  The Cushing Marketlink Project is expected to alleviate current pipeline constraints from the 
Cushing area and provide shippers with a new transportation option from the Cushing market to the U.S. 
Gulf Coast.  The announced target in-service date for the Cushing Marketlink Project is the first quarter of 
2013 and construction is likely to occur either during or shortly after the construction period for the 
proposed Cushing tank farm if the proposed Project is approved and implemented.     

The Cushing Marketlink Project would include construction and operation of receipt custody transfer 
metering systems and two 350,000-barrel batch accumulation tanks, with one tank dedicated for light 
sweet crude (see Figure 2.5.3-4).  The tanks would be located within the proposed Cushing tank farm 
property, which also would house Pump Station 32 of the proposed Project and the storage tanks for the 
planned Bakken Marketlink project (see Figure 2.5.3-4).  The tanks would accumulate batches from 
connecting third-party pipelines and terminals for transportation to the U.S. Gulf Coast on the proposed 
Project.  Delivery of the crude oil to delivery points in Texas would be as described in this EIS for the 
proposed Project.    

2.6 FUTURE PLANS AND PROJECT DECOMMISSIONING 

2.6.1 Future Plans  

This section has been reorganized in the SDEIS to address future plans for the proposed Project in Section 
2.6.1.1 and for other facilities in Section 2.6.1.2. 
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2.6.1.1 Proposed Project  

As proposed, the Project would initially have a nominal transport capacity of approximately 700,000 bpd 
of crude oil.  By increasing the capacity of the pump stations in the future, Keystone could transport up to 
830,000 bpd of crude oil through the pipeline.  Should Keystone decide to increase pumping capacity to 
830,000 bpd at a later date, the necessary pump station upgrades would be implemented in accordance 
with then-applicable permits, approvals, codes, and regulations. 

2.6.1.2 Other Related Facilities (New Section) 

After the draft EIS was issued, plans were announced for future development of two projects that could 
transport crude oil to the proposed Project from producers in North Dakota and Montana and from 
producers in the Cushing, Oklahoma area.  Those planned projects are the Bakken Marketlink Project and 
the Cushing Marketlink Project.  As described above, those projects are considered connected actions for 
the purpose of the EIS. 

2.6.2 Decommissioning of the Proposed Project (New Title) 

Many commenters requested that the EIS provide additional information about the anticipated life of the 
proposed Project and a description of how the proposed Project would be decommissioned at the end of 
its useful life.  This section of the EIS was revised in response to those requests. 

2.6.2.1 Project Life 

Keystone used a design life of 50 years to develop the engineering standards for the proposed Project.  
However, with implementation of the pipeline integrity management plan and an operations and 
maintenance program as described above, Keystone anticipates that the life of the proposed Project would 
be much longer.  Many other pipeline companies have safely extended the duration of pipeline systems by 
replacing sections of pipe after finding anomalies and by replacing or upgrading equipment and facilities 
at pump stations.  As a result, it is not possible to identify a specific number of years that the proposed 
Project may be in service.   

2.6.2.2 Decommissioning 

PHMSA has requirements that apply to the decommissioning of crude oil pipelines in 49 CFR Section 
195.402(c)(10) and in 49 CFR 195.59 and 195.402.  These regulations require that for hazardous liquid 
pipelines, the procedural manuals for operations, maintenance, and emergencies must include procedures 
for abandonment, including safe disconnection from an operating pipeline system, purging of 
combustibles, and sealing abandoned facilities left in place to minimize safety and environmental hazards 
(49 CFR 195.402).  Further, these regulations require that for each abandoned onshore pipeline facility 
that crosses over, under, or through a commercially navigable waterway, the last operator of that facility 
must file a report upon abandonment of that facility.  It further states that  “. . . operators must submit the 
date of abandonment, diameter, method of abandonment, and certification that, to the best of the 
operator’s knowledge, all of the reasonably available information requested was provided and, to the best 
of the operator’s knowledge, the abandonment was completed in accordance with applicable laws . . . The 
information in the report must contain all reasonably available information related to the facility, 
including information in the possession of a third party.  The report must contain the location, size, date, 
method of abandonment, and a certification that the facility has been abandoned in accordance with all 
applicable laws.”  
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TransCanada (the parent company of Keystone) would adopt operating procedures to address these 
requirements for the proposed Project as they have for previous pipeline projects including the existing 
Keystone Pipeline.  TransCanada typically does not abandon large diameter pipelines but generally idles 
or deactivates pipe as market conditions dictate.  This allows a dormant pipeline to be reactivated or 
converted to another purpose in the future.  When a pipeline or a segment of a pipeline is idled or 
deactivated, the pipe generally is purged of its contents, filed with an inert gas, and left in place with 
warning signage intact.  Cathodic protection would likely be left functional as would other integrity 
measures such as periodic inspections under the integrity management plan. 

The proposed Project pipeline would traverse approximately 44.6 miles of federal land under the 
management and jurisdiction of the BLM.  The majority of the federal land is in the state of Montana.  
The portion of the proposed Project that would cross BLM-administered land would be subject to the 
pipeline decommissioning and abandonment requirements stipulated in the BLM right-of-way grants and 
permanent easement permits.  These requirements are:   

“1. Boundary adjustments in Oil and Gas [user entry (lease or unit number)] shall automatically 
amend this right-of-way to include that portion of the facility no longer contained within the 
above described [user entry]. In the event an automatic amendment to this right-of way grant, the 
prior on-lease/unit conditions of approval of this facility will not be affected even though they 
would now apply to facilities outside of the lease/unit as a result of a boundary adjustment. Rental 
fees, if appropriate shall be recalculated based on the conditions of this grant and the regulations 
in effect at the time of an automatic amendment. 

2. Prior to termination of the right-of-way, the holder shall contact the authorized officer to 
arrange a predetermination conference. This conference will be held to review the termination 
provisions of the grant. 

3. [user entry, period of time] prior to termination of the right-of-way, the holder shall contact the 
authorized officer to arrange a joint inspection of the right-of-way. This inspection will be held to 
agree to an acceptable termination (and rehabilitation) plan. This plan shall include, but is not 
limited to, removal of facilities, drainage structures, or surface material, recontouring, topsoiling, 
or seeding. The authorized officer must approve the plan in writing prior to the holder’s 
commencement of any termination activities.” 

In Texas, Section 111.025 of the Texas Natural Resources Code would apply to decommissioning of the 
proposed Project.  The provisions of the code are: 

“(a) No common carrier may abandon any of its connections or lines except under authority of a 
permit granted by the commission or with written consent of the owner or duly authorized agent 
of the wells to which connections are made. 

(b) Before granting a permit to abandon any connection, the commission shall issue proper notice 
and hold a hearing as provided by law.” 

There are no state regulations applicable to pipeline decommissioning in Montana, South Dakota, 
Nebraska, or Oklahoma.  

Decommissioning activities would have to be conducted in compliance with all applicable regulatory 
requirements that are in place at the time of decommissioning.  Since regulations at the federal, state, and 
local level change over time, it would be highly speculative to project what regulatory framework would 
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apply to Project decommissioning at the end of the useful life of the proposed Project more than 50 years 
in the future.   

Prior to decommissioning the Project, Keystone would identify the decommissioning procedures it would 
use along each portion of the route, identify the regulations it would be required to comply with, and 
submit applications for the appropriate environmental permits.  At that point, Keystone and the issuing 
agencies would address the environmental impacts of implementation of the decommissioning procedures 
and identify the mitigation measures required to avoid or minimize impacts.   

It is likely that after decommissioning there would be fewer land use restrictions than during operation of 
the proposed Project since either the ROW would no longer have strict encroachment limitations for 
protection of the purged pipeline, or the pipeline may have been removed and there would no longer be 
limitations of use of the former ROW. 

As noted above, PHMSA regulations require that hazardous liquids pipelines be purged of combustibles 
prior to decommissioning.  Therefore the potential for the release of contaminants from the 
decommissioned pipeline would be negligible.  
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3.0 ENVIRONMENTAL ANALYSIS 

This section provides supplemental information on environmental concerns based on the changes to the 
proposed Project described in Section 2.0 of this SDEIS, information that was developed in response to 
comments on the draft EIS, and expanded explanations of existing conditions and/or impact analyses to 
provide clarification for reviewers of the EIS.  For consistency with the organization of the draft EIS, the 
numbering system within each of the resource sections presented below is the same as the numbering 
system of the draft the EIS.   

The information in the draft EIS satisfactorily addresses the issues that are not included in this SDEIS, 
and the draft EIS is included by reference in this SDEIS in compliance with CEQ NEPA guidelines.    
Within each relevant resource section, only the issues associated with the supplemental information are 
addressed and therefore all of the subsections within each resource section are not included: this section 
of the SDEIS does not address Sections 3.1 (Geology), 3.4 (Wetlands), 3.5 (Vegetation), 3.6 (Wildlife), 
3.7 (Fisheries), 3.8 (Threatened and Endangered Species), 3.9 (Land Use), and 3.11 (Cultural Resources).  
This SDEIS includes an additional section that addresses the potential impacts of the two connected 
actions that were announced after the draft EIS was issued (Section 3.15, Potential Impacts of the Bakken 
and Cushing Marketlink Projects).  Figures for this portion of the SDEIS are presented at the end of each 
resource section.   

3.1 GEOLOGY 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line).  Potential impacts 
associated with the Bakken Marketlink Project and the Cushing Marketlink Project are addressed in 
Section 3.15 of this SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov. 

3.2 SOILS AND SEDIMENTS 

Supplemental information on the Sand Hills topographic region of Nebraska is provided in this resource 
section to address concerns expressed in comments on the draft EIS and to expand the information on 
existing conditions as a part of understanding the potential impacts of construction and normal operation 
as well as unintentional releases of crude oil during operation of the proposed Project as addressed in 
Sections 3.13 and 4.3.   

3.2.1 Sand Hills Topographic Region Existing Conditions 

In northern and central Nebraska the proposed pipeline route enters portions of the Sand Hills topographic 
region from MP 595 to MP 707 (Figure 3.2.1-1) in Keya Paha, Rock, Holt, Garfield, Wheeler, Greeley, 
and Merrick counties.  This region consists of a prairie landscape that supports livestock grazing, wildlife 
habitat, and recreation.  Soils in the Sand Hills topographic region consist of aeolian well sorted sands, 
sandy alluvium, and lesser amounts of loess and glacial outwash.  The soils are generally very deep, 
excessively drained to somewhat poorly drained.  Depressions and drainage areas are present.  Wind-
blown rolling-to-hilly sand dunes are common and are stabilized by vegetation.  Where vegetation has 
been removed, severe wind erosion is common and is often referred to as a “blowout.”  In the Sand Hills 
topographic region, a higher percentage (55 percent) of highly erodible soils is designated as erodible by 
wind due to the nature of the sandy soils in this region of the proposed Project.  In the eastern portion of 
the Sand Hills topographic region, non dune derived soils originate from glacial loess and drift deposits 

 3-1 
Supplemental Draft EIS  Keystone XL Project 



(Sullivan 1994).  In the southern portion of the Sand Hills topographic region (Garfield, Wheeler, and 
Greeley counties), approximately 24 miles of Valentine soils are present that consist of very deep, dry, 
rapidly permeable dune deposits; these soils contain severe wind erosion hazards.  The sandy soils typical 
of the Sand Hills topographic region have a high infiltration rate and high permeability; however, the 
fine-grained loess deposits further to the east can be as thick as 200 feet and can locally restrict water 
flow where fractures are absent (Stanton and Qi 2007, Johnson 1960). 

Many comments on the draft EIS expressed concerns related to construction in the Sand Hills topographic 
region.  The Sand Hills topographic region contains soils that are especially sensitive to wind erosion.  To 
address concerns related to potential erosion in the Sand Hills, specific construction, reclamation, and 
post-construction procedures have been developed, as described in the proposed Project CMR plan 
(Appendix B of the draft EIS), and in two specific Sand Hills construction documents.  One of those 
documents (Pipeline Construction in Sand Hills Native Rangelands) is presented in Appendix H of the 
draft EIS, and the second (Sand Hills Construction/Reclamation Unit, a site-specific reclamation plan that 
itemizes construction, erosion control, and revegetation procedures in the Sand Hills region) is presented 
in Appendix D of this SDEIS.  DOS recognizes that these native rangelands create unique challenges for 
restoration and reclamation.  DOS has confirmed that Keystone consulted with regional experts from the 
University of Nebraska, University of South Dakota, the Natural Resources Conservation Service 
(NRCS), and the Nebraska state road department in the development of construction and reclamation 
plans for the Sand Hills region.  The goal of the Sand Hills region reclamation plan that resulted from 
these consultations is to protect the integrity of this sensitive area through: maintaining soil structure and 
stability to the greatest extent practicable; stabilizing slopes to prevent erosion; restoring native grass 
species; maintaining wildlife habitat and livestock grazing production; and meeting the specifications for 
Sand Hills construction, operation and maintenance contained in the proposed Project CMR plan 
(Appendix B of the draft EIS), contract documents and details, and all applicable permits and easement 
descriptions. 

To reduce potential impacts related to severe wind or water erosion, the following Best Management 
Practices (BMPs) have either been incorporated during proposed Project design or would be incorporated 
during construction in the Sand Hills topographic region if the proposed Project is implemented:  

• The location of the proposed ROW has been sited to avoid ridgetops and existing wind blowout 
areas to the extent practicable; 

• Specific training would be provided for construction crews prior to working in the Sand Hills 
region; 

• Minor re-routes would be incorporated if necessary to relocate the ROW to areas with decreased 
wind or water erosion potential, while avoiding wetlands wherever possible; 

• Grading and side-slope cuts would be minimized to the extent practicable; 

• Tracked equipment and/or low ground pressure equipment would be utilized to the extent 
practicable during construction; 

• Access to construction areas would be limited through an Access Control Plan while work is 
being conducted in the Sand Hills region.  The plan would detail specific timing to conduct 
construction activities, methods to reduce traffic volume, restrictions on equipment and vehicles 
allowed to enter the work area, and procedures to identify and reduce any site specific issues that 
develop during construction; 

• Disturbance of soils and native vegetation would be avoided to the extent practicable; 

• Topsoil, if present, would be segregated from subsoil, consistent with proposed Project BMPs; 
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• Root crowns and root structures would be left in place to the maximum extent practicable; 

• Following pipeline installation, revegetation of the ROW would be completed using native seed 
mixes adapted to the Sand Hills region; 

• Straw or native prairie hay would be crimped into the exposed soil to prevent wind erosion.  
Annual cover crops could also be used for vegetative cover; 

• Straw wattles would be used where appropriate to provide erosion control in place of earthen 
slope breakers; 

• Photodegradable matting would be used to protect steep slopes or other areas that are prone to 
high wind exposure such as ridgetops or north and west facing slopes.  Biodegradable pins would 
be used to hold the matting in place; 

• If necessary, fencing would be incorporated to keep livestock from grazing on vegetation within 
the ROW to hasten vegetation re-establishment; 

• During pipeline installation into the pipeline ditch, the maximum length of open-ditch would be 
limited to ten miles.  Trench backfilling, final cleanup, erosion control, and revegetation must 
occur on a schedule that prevents the length of open-ditch from exceeding this limit; and 

• Since revegetation with native species typically requires several growing seasons, the ROW 
through the Sand Hills topographic region would be monitored for several years to ensure that 
reclamation and revegetation efforts are successful.  Any areas where reclamation and 
revegetation efforts are initially unsuccessful would be reevaluated and restored (see Appendix D 
of this SDEIS and Appendix H of the draft EIS). 

3.2.2 Potential Impacts of Construction to the Sand Hills Topographic Region 

To address concerns related to potential erosion in the Sand Hills, specific construction, reclamation, and 
post-construction procedures have been developed, as described in the proposed Project CMR plan 
(Appendix B of the draft EIS) and in two specific Sand Hills construction documents presented in 
Appendix H of the draft EIS and in Appendix D of this SDEIS as described above.  The proposed Project 
ROW through the Sand Hills would be monitored for several years to ensure that reclamation and 
revegetation efforts are successful.  Any areas where reclamation and revegetation efforts are initially 
unsuccessful would be reevaluated and restored.   

3.2.3 Connected Actions 

There have been no changes to the environmental assessment for electrical distribution lines and 
substations or the Big Bend to Witten 230-kV transmission line (formerly the Lower Brule to Witten 230-
kV transmission line).  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.2.4 References 

Stanton, J. and S. L. Qi.  2007.  Ground Water Quality of the Northern High Plains Aquifer, 1997, 2002-
2004.  USGS Scientific Investigations Report SIR 2006-5138. 

Sullivan, J.  1994.  Nebraska Sandhills prairie.  In: Fire Effects Information System, [Online].  U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station, Fire Sciences 
Laboratory (Producer).  Website: http://www.fs.fed.us/database/feis/. 
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3.2.1-1 Sand Hills Topographic Region  

 



3.3 WATER RESOURCES 

Supplemental information on the existing groundwater conditions along the proposed route is provided in 
this resource section as an aid to understanding the potential groundwater impacts due to an accidental 
release of crude oil during operation of the proposed Project as discussed in Sections 3.13 and 4.3.  As 
noted below, the inclusion of this expanded information in the analysis did not affect results of the 
assessment of the potential impacts of construction and normal operation of the proposed Project on 
groundwater.  The best available information consists of records from 1955 to 2010.  Some of the older 
data may not reflect existing conditions at some of the locations included in the analysis.  

3.3.1 Environmental Setting 

3.3.1.1 Groundwater 

Water Quality 

Major aquifers and wells in the vicinity of the proposed Project route are described in the following 
sections by state.  Available water quality information for the aquifers described in each state is presented 
in Table 3.3.1-1.  Available studies and reports indicate that, in general, water within these aquifers 
exhibits high total dissolved solids (TDS) but in general is not contaminated with other toxic ions.  Most 
often, high levels of TDS are caused by the presence of potassium, chlorides and sodium. 

TABLE 3.3.1-1 
Groundwater Quality of Select Subsurface Aquifers 

Aquifer State County 

Total 
Dissolved 
Solids  
(mg/liter) 

Other Water Quality 
Information 

Judith River Formationa MT Phillips, Valley 500-10,000 Sodium chloride rich in 
Valley County 

Missouri River Alluviumb MT Valley 800-2,700 NA 

Hells Creek/Fox Hillsc MT McCone 500-1,800 Sodium bicarbonate rich 
Fox Hillsc MT Dawson, Prairie, 

Fallon 
500-2,500 Sodium bicarbonate rich 

Fort Unionc MT McCone, Dawson, 
Prairie, Fallon 

500-5,000 Sodium bicarbonate rich 

Yellowstone R. Alluviumd MT Dawson, Prairie, 
Fallon 

1,000-1,500 Calcium bicarbonate rich 

Hells Creek/Fox Hillse SD Harding, Perkins, 
Meade 

1,000-3,000 Sodium bicarbonate rich 

Northern High Plains 
Aquifer (NHPAQ)/Ogallala 
Formationf 

SD Tripp <500 Sodium bicarbonate rich 

Pleistocene River Terraceg SD Tripp 30-4,000 NA 

White River Alluviumh SD Tripp 287-688 Sodium bicarbonate rich 

NHPAQ/Ogallala Formationi NE Keya Paha 100-250 NA 

NHPAQ/Sand Hills Unitj NE Rock-Greeley <500 NA 
NHPAQ/Ogallala  
Formationj 

NE Greeley-Nance <500 NA 
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TABLE 3.3.1-1 
Groundwater Quality of Select Subsurface Aquifers 

Aquifer State County 

Total 
Dissolved 
Solids  
(mg/liter) 

Other Water Quality 
Information 

NHPAQ/Platte River Unitj  NE Merrick <500 NA 
NHPAQ/Eastern Nebraska 
Unitj 

NE Merrick-Jefferson <500 NA 

North Canadian River 
Alluvium and Terracek 

OK Seminole <500 Calcium bicarbonate rich 

Red River Alluviumk OK Bryan 1,000-2,000  
Central Oklahomal OK Lincoln <500 (in upper 

200 ft) 
Calcium magnesium 
bicarbonate 

Ada-Vamoosak OK Osage-Pontotoc <500 Sodium chloride; Sulfate 

Arbuckle-Simpsonk OK Coal-Pontotac <500 Calcium bicarbonate rich 

Trinity-Antlersk OK/TX Bryan, Atoka, Fannin 300-1,500 NA 

Texas Coastal Uplandsm TX Hopkins-Angelina 500-1,000 NA 

Data obtained from the following sources: a Lobmeyer 1985, b Swenson and Drum 1955, c Smith et al. 2000, d La Rocque 1966, e 
Whitehead 1996, f Rich 2005, g Hammond 1994, h Cripe and Barari 1978, i Newport and Krieger 1959, j Stanton and Qi 2007, k 
Ryder 1996, l Carr and Marcher 1977, m Ryder and Ardis 2002.  
NA = not applicable. 

Aquifers and Depth to Groundwater 

Initial information on depth to groundwater along the proposed Project corridor was provided by 
Keystone.  Where readily accessible data on depth to groundwater was available (Montana, South Dakota, 
and Nebraska), water bearing zones less than 50 feet below ground surface (bgs) were identified by 
examining available well data.  These data included static water level, screened interval, and driller well 
logs within 100 feet of the centerline.  In Oklahoma, it was assumed that groundwater in alluvial 
floodplains was present at the surface.  In Texas, it was assumed that groundwater across the alluvial 
floodplains was present throughout the floodplain at depths less than 50 feet bgs.  Based on these data 
limitations, locations (by milepost) along the proposed Project corridor where estimated depth to 
groundwater is less than 50 feet are presented in Table 3.3.1-2.   



 

TABLE 3.3.1-2 
Water-Bearing Zones Less Than 50 Feet Below Ground Surface Beneath  

the Proposed ROW for the Project 

State/County 

Approximate 
Milepost or 

Range 

Approximate  
Depth to Groundwater 

(feet bgs)a Formation/Aquifer 
Steele City Segment 

Montana 

Phillips 2 8 Cretaceous Bearpaw Shale 

Phillips 6 0 Cretaceous Bearpaw Shale 

Phillips /Valley 25-26 <50 Frenchman Creek alluvium 

Valley 27 0-45 Late-Cretaceous Judith River Formation 

Valley 38-41 0-9 Rock Creek glacial/allluvial sediments 

Valley 47 6 Late-Cretaceous Judith River Formation 
Valley 55-57 40-43 Late-Cretaceous Bearpaw Shale and Buggy 

Creek alluvium 
Valley 66-72 7-63 Cherry Creek glacial/alluvial sediments 

Valley 77-85 10-40 Porcupine Creek and Milk River alluvium 

Valley 88 7-22 Milk River/Missouri River alluvial sediments 

McCone 94 15 Late-Cretaceous Fox Hills Formation 

McCone 99 26 Late-Cretaceous Hell Creek Formation 

McCone 109 0 Late-Cretaceous Hell Creek Formation 

McCone 119 20-30 Fort Union sands and Flying V Creek alluvium 

McCone 122-123 <50 Figure Eight Creek alluvium 
McCone 133-153 10-45 Fort Union sands; Redwater River alluvium; 

Buffalo Springs Creek alluvium; glacial drift 
Dawson 159-160 10-50 Fort Union sands 

Dawson 166-180 10-45 Clear Creek alluvium 
Dawson 186-195 4-38 Clear Creek alluvium; Yellowstone River 

alluvium 
Prairie 201-205 0-15 Cabin Creek alluvium 

Prairie 209-214 18-40 Alluvium of merging creeks 

Fallon 227 <50 Dry Fork Creek alluvium 

Fallon 231-234 0 Glacial drift/alluvium 

Fallon 235-238 18-45 River alluvium of Dry Creek and its tributaries 

Fallon 242-250 5-26 Sandstone Creek and Butte Creek alluvium 
Fallon 257-262 0-37 Hidden Water Creek; Little Beaver Creek 

alluvium 
Fallon 264-272 0 Mud Creek and Soda Creek alluvium 

Fallon 275-279 0 North and South Coal Bank Creek alluvium 

Fallon 281-282 <50 Box Elder Creek alluvium 

South Dakota 

Harding 289-290 <50 Shaw Creek alluvium 

Harding 291-292 <50 Little Missouri River alluvium 
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TABLE 3.3.1-2 
Water-Bearing Zones Less Than 50 Feet Below Ground Surface Beneath  

the Proposed ROW for the Project 

State/County 

Approximate 
Milepost or 

Range 

Approximate  
Depth to Groundwater 

(feet bgs)a Formation/Aquifer 
Harding 298-301 <50 Various creeks -alluvium 

Harding 304-306 <50 Jones Creek alluvium 

Harding 317-319 15-40 South Fork Grand River alluvium 

Harding 322-324 <50 Buffalo Creek/Clarks Fork Creek alluvium 

Harding 329 <50 West Squaw Creek alluvium 

Harding 339 20 Red Butte Creek alluvium 

Harding/Butte 351-355 <50 North Fork Moreau River alluvium 

Meade 380-387 15-45 Tertiary or alluvial 

Meade 390-394 25 Tertiary or alluvial 

Meade 399 18 Sulphur Creek alluvium 

Meade 403-404 14-44 Spring Creek alluvium 

Meade 407-408 14 Red Owl Creek alluvium 

Meade 411 3 Narcelle Creek alluvium 

Meade 425 5 Cheyenne River alluvium 

Pennington/Haakon 432-437 <50 Alluvial 

Haakon 442 12 Alluvial 

Haakon 475 37 Alluvial 

Haakon 478-481 14-25 Bad River alluvium 

Jones 518-519 6 Alluvial 

Lyman 535-536 6 White River alluvium 

Tripp 539 23 NHPAQ/ Ogallala Formation 

Tripp 561-564 3-9 NHPAQ/ Ogallala Formation  

Tripp 570 -595 6-25 NHPAQ/ Ogallala Formation  

Nebraska  

Keya Paha 597-600 <50 Keya Paha River alluvium 

Keya Paha/Rock 603-616 <50 NHPAQ/ Ogallala Formation and Sandhills Unit. 

Keya Paha 613-614 <50 Niobrara River alluvium 
Rock /Holt/Garfield 624-675 <50 NHPAQ/ Ogallala Formation and Sandhills Unit. 

with flowing wells, groundwater seeps, and 
shallow lakes 

Wheeler 692-697 <50 Cedar River alluvium 

Nance 726-729 <50 South Branch Timber Creek alluvium 

Nance/Merrick 737-757 <10b-55 Platte River floodplain alluvium 

York 778-779 <50 Beaver Creek alluvium 

York 788-789 <10b-90 West Fork Big Blue River alluvium 

Fillmore/Saline 807-822 <50 South Fork Turkey Creek alluvium 
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TABLE 3.3.1-2 
Water-Bearing Zones Less Than 50 Feet Below Ground Surface Beneath  

the Proposed ROW for the Project 

State/County 

Approximate 
Milepost or 

Range 

Approximate  
Depth to Groundwater 

(feet bgs)a Formation/Aquifer 
Jefferson 834-836 <10b-50 South Fork Swan Creek alluvium 

Jefferson 847 <50 Tributary to Big Indian Creek alluvium 

Gulf Coast Segment 

Oklahoma 

Lincoln 1-4 0 Wildhorse Creek alluvium 

Lincoln/Creek 19-20 0 Euchee Creek alluvium 

Creek/Okfuskee 22-25 0 Deep Fork River alluvium 

Okfuskee 28-29 0 Little Hilliby Creek alluvium 

Okfuskee 30-31 0 Hilliby Creek alluvium 

Okfuskee 33 40 Very High Groundwater sensitivity area 
Okfuskee/Seminole 38-39 47 North Canadian River - Very High Groundwater 

Sensitivity Area 
Seminole 43-45 0 Sand Creek alluvium 

Seminole 47-48 0 Little Wewoka Creek alluvium 

Seminole 50-51 0 Wewoka Creek alluvium 

Seminole/Hughes 58-61 0 Wewoka Creek alluvium 
Hughes 66-68 0 Bird Creek -Very High Groundwater sensitivity 

area 
Hughes 70-71 0 Little River alluvium 

Hughes 74-76 0 Canadian River alluvium 

Coal 87-88 0 Muddy Boggy Creek alluvium 

Atoka 127-130 0 Clear Boggy Creek alluvium 

Bryan 133-134 0 Long Branch alluvium 

Bryan 145 0 Whitegrass Creek alluvium 

Bryan 155-156 0 Red River alluvium 

Texas 

Fannin 156-161 <50 Red River alluvium 

Lamar 170 <50 Sanders Creek alluvium 

Lamar 172 <50 Cottonwood Creek alluvium 

Lamar/-Delta 187-191 <50 North Sulfur River alluvium 

Delta/Hopkins 201-202 <50 South Sulfur River alluvium 

Hopkins 212-213 <50 White Oak Creek alluvium 

Hopkins 216-217 <50 Stouts Creek alluvium 

Franklin 227-228 <50 Big Cypress Creek alluvium 

Wood/Upshur 256-257 <50 Big Sandy Creek alluvium 

Upshur 260-263 <50 Sabine River alluvium 

Cherokee 297-301 <50 Striker Creek alluvium 
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TABLE 3.3.1-2 
Water-Bearing Zones Less Than 50 Feet Below Ground Surface Beneath  

the Proposed ROW for the Project 

State/County 

Approximate 
Milepost or 

Range 

Approximate  
Depth to Groundwater 

(feet bgs)a Formation/Aquifer 
Rusk 308-313 <50 East Fork Angelina River alluvium 
Nacogdoches/ 
Cherokee 

330-336 <50 Angelina River floodplain alluvium 

Angelina 345-346 <50 Neches River alluvium 

Angelina 350-353 <50 Neches River alluvium 

Angelina/Polk 360-369 <50 Neches River alluvium 

Polk 374-375 <50 Bear Creek alluvium 

Polk 380 <50 Jones Creek alluvium 

Polk 400-406 <50 Menard Creek alluvium 

Polk/Liberty 412-431 <50 Middle Pleistocene sand/silt along Trinity River 
Liberty 432-446 <50 Willow Creek/Pine Island Bayou floodplain 

alluvium 
Jefferson 448-480 <50 Late Pleistocene mud/silt in floodplains of 

various rivers that coalesce. 
a bgs = below ground surface; based on available well data from Keystone 2009, except where noted for footnote b. 
b Data from NEDNR 2010. 
Note: Mileposting for each segment of the Project starts at 0.0 at the northernmost point of each segment, and increases in the direction 
of oil flow. 

Supplemental information on groundwater occurrence and depth to groundwater by state has been 
evaluated (see Figures 3.3.1-1 through 3.3.1-5) to address concerns expressed in comments on the draft 
EIS relative to the Northern High Plains Aquifer (NHPAQ) system (including the Ogallala aquifer) and 
concerns relative to other aquifers along the proposed Project corridor.  The supplemental analysis 
provides more information on the likely occurrence of potable groundwater in water wells within 1 mile 
of the proposed pipeline centerline using publicly available and searchable databases maintained by water 
resource agencies within each state that would be crossed by the proposed Project.  The databases were 
searched for domestic, irrigation, and public water supply well data.  The analysis of impacts on water 
supplies for human consumption also applies to water intakes for industrial and municipal use.  Data 
accessed included well locations, well total depth, and depth to first water (if available) or static water 
level (see Appendix E of this SDEIS).  The screened intervals for individual water wells were not readily 
available in these databases.  Since the screened intervals are not available, it is not possible in all cases to 
correlate static water level to likely depth to first water.  Given limitations and variations in data quality 
from state to state, five general categories that relate well depth and reported water levels (first water or 
static water level) to likely water depth were created.  These categories are:  

• Category A: very shallow water depth likely with reported water level less than or equal to 10 
feet bgs and total well depth less than or equal to 50 feet bgs; 

• Category B: shallow water depth likely with reported water level between 10 and 50 feet bgs and 
total well depth less than or equal to 50 feet bgs; 

• Category C: water depth unclear but potentially very shallow since reported water level is less 
than or equal to 10 feet bgs and total well depth is greater than 50 feet bgs (reported water level 
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could indicate very shallow water depth if well screened in upper 50 feet or deep water depth if 
well screened at deeper interval under artesian conditions); 

• Category D: water depth unclear but potentially shallow since reported water level is between 10 
and 50 feet bgs and total well depth is greater than 50 feet bgs (reported water level could indicate 
shallow water depth if well screened in upper 50 feet or deep water depth if well screened at 
deeper interval under artesian conditions); and 

• Category E: deep water depth likely with reported water level greater than 50 feet bgs and total 
well depth greater than 50 feet bgs. 

Information on key aquifers that would be crossed by the proposed Project and additional information on 
likely depth to groundwater based on the above categories is presented by state in the following 
subsections. 

Montana 

Key Aquifers 

The proposed pipeline route is present in the Great Plains physiographic province in Montana (Thornbury 
1965).  Regionally, aquifers beneath the proposed route are part of the Northern Great Plains aquifer 
system (Whitehead 1996).  In Montana, aquifers consist of unconsolidated alluvial and/or glacial aquifers, 
lower Tertiary-aged aquifers, and upper Cretaceous-aged aquifers (see Figure 3.3.1-1).  Groundwater 
resources along alternate pipeline routes considered in Montana are described in Appendix I to the draft 
EIS. 

In northern Montana, in Phillips and Valley counties, glacial till is present up to 100 feet thick.  The till is 
relatively impermeable and acts as a confining layer above the Cretaceous-aged Judith River Formation 
and Clagett Formation (Whitehead 1996).  The Judith River Formation water table is present at 
approximately 150 to 500 feet bgs.  Wells typically yield 5 to 20 gallons per minute (gpm).  Additionally, 
the glacial till contains local permeable zones of coarse glacial outwash less than 50 feet bgs that provide 
irrigation water. Most groundwater use in Valley County comes from shallow alluvial aquifers along 
major river drainages such as the Milk River and Missouri River (Whitehead 1996).   

In McCone County, the proposed route crosses the upper-Cretaceous Hells Creek/Fox Hills aquifer and 
the lower Tertiary Fort Union aquifer.  Permeable sandstones of the Hells Creek/Fox Hills aquifer yield 5 
to 20 gpm; most wells are drilled to depths of 150 to 500 feet bgs (Whitehead 1996).  The lower Tertiary 
Fort Union aquifer consists of interbedded sandstones, mudstones, shale, and coal seams.  Water-bearing 
zones are found in the sandstone layers.  The aquifer is confined in most areas.  Well yields are typically 
15 to 25 gpm; most wells are drilled to depths of 50 to 300 feet bgs (Lobmeyer 1985); water depths 
typically range from 100 to 150 feet bgs (Swenson and Drum 1955). 

Beneath the proposed route in Dawson, Prairie, and Fallon counties lies the Lower Yellowstone aquifer 
system which contains groundwater in the lower Tertiary Fort Union Formation.  In this area, the Fort 
Union Formation is a shallow bedrock aquifer that is used as a groundwater resource in these three 
counties.  The Yellowstone River contains abundant alluvial material along its banks which contain 
shallow aquifers that are often used for water supply.  Well yields in the shallow aquifers along the 
Yellowstone River range from 50 to 500 gpm (LaRocque 1966).  Additionally, shallow alluvial aquifers 
are also present at stream crossings including Clear Creek, Cracker Box/Timber Creek, Cabin Creek, 
Sandstone Creek, and Butte Creek. 
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The proposed Project pipeline route does not cross any sole-source aquifers in Montana, as designated by 
EPA Region 8 (EPA 2009). 

Nearby Public Water Supply Wells and Private Water Wells 

No public water supply (PWS) wells or source water protection areas (SWPA) are located within 1 mile 
of the centerline of the pipeline in Montana.  A total of eight private water wells are located within 
approximately 100 feet of the proposed pipeline route within McCone, Dawson, Prairie, and Fallon 
counties.   

Likely Depth to Groundwater 

Estimates of the likely depth to groundwater at existing well locations within 1 mile of the proposed 
pipeline in Montana are provided in Figure 3.3.1-1.  As depicted in Figure 3.3.1-1, the numbers of wells 
within 1 mile of the proposed pipeline that fall within each groundwater depth category are as follows:  

• Category A (very shallow): 51 

• Category B (shallow): 22 

• Category C (unclear but potentially very shallow): 46 

• Category D (unclear but potentially shallow): 38 

• Category E (deep): 59 

South Dakota 

Key Aquifers 

In South Dakota the proposed pipeline route is present in the Great Plains physiographic province 
(Thornbury 1965).  In northern and north-central South Dakota, aquifers beneath the proposed route are 
part of the Northern Great Plains Aquifer system (Whitehead 1996).  Key aquifers in South Dakota are 
depicted in Figure 3.3.1-2.  These aquifers include the upper-Cretaceous Fox Hills and Hells Creek 
aquifers in Harding, Perkins, and Meade counties.  The town of Bison uses groundwater from the Fox 
Hills aquifer for its water supply.  These municipal wells are 565 to 867 feet deep and yield up to 50 gpm 
(Steece 1981).  Shallow alluvial aquifers are also present at stream crossings including Little Missouri 
River, South Fork Grand River, Clarks Fork Creek, Moreau River, Sulphur Creek, Red Owl Creek, and 
Cheyenne River. 

In Haakon, Jones, and Lyman counties major water-producing aquifers are not present.  The proposed 
route is underlain by the upper-Cretaceous Pierre Shale which is not an aquifer.  The floodplains of the 
Bad River and the White River contain shallow alluvial aquifers that are used for water supply.   

In southern South Dakota, the proposed route is underlain by the northern portion of the NHPAQ system 
and contains Tertiary-aged aquifers and Pleistocene-aged river terrace aquifers (Whitehead 1996).  This 
aquifer system is located primarily in Nebraska, but underlies portions of five states, including South 
Dakota.  Tertiary-aged aquifers include the Ogallala Formation and the Brule and Arikaree Formation.  
Depth to groundwater of the Ogallala Formation is typically 10 to 70 feet bgs (Hammond 1994) with 
wells yielding 250 to 750 gpm.   

The proposed pipeline route does not cross any sole-source aquifers in South Dakota, as designated by 
EPA Region 8 (EPA 2009).   

3-12 
Supplemental Draft EIS  Keystone XL Project 



 

Nearby Public Water Supply Wells and Private Water Wells 

One PWS well (associated with the Colome SWPA) is identified within 1 mile of the centerline of the 
pipeline in Tripp County.  This PWS wells is screened at relatively shallow depth (reportedly less than 54 
feet bgs) within the Tertiary Ogallala aquifer.  The proposed Project would pass through the Colome 
SWPA in Tripp County.  No private water wells are located within approximately 100 feet of the 
proposed pipeline route in South Dakota. 

Likely Depth to Groundwater 

Estimates of the likely depth to groundwater at existing well locations within 1 mile of the proposed 
pipeline in South Dakota are provided in Figure 3.3.1-2.  As depicted in Figure 3.3.1-2, the numbers of 
wells within 1 mile of the proposed pipeline that fall within each groundwater depth category are as 
follows:  

• Category A (very shallow): 11 

• Category B (shallow): 13 

• Category C (unclear but potentially very shallow): 5 

• Category D (unclear but potentially shallow): 40 

• Category E (deep): 58 

Nebraska 

Key Aquifers 

The proposed route in Nebraska also overlies the NHPAQ system.  The NHPAQ system supplies 78 
percent of the public water supply and 83 percent of irrigation water in Nebraska (Emmons and Bowman 
1999).  Many commenters on the DEIS requested additional information on portions of the NHPAQ 
system that could be impacted by the proposed Project. 

In Nebraska, the NHPAQ system includes five main hydrogeologic units, including the Brule and 
Arikaree Formation, the Eastern Nebraska Unit, the Ogallala Formation, the Platte River Valley Unit, and 
the Sand Hills Unit (see Figure 3.3.1-6).  These units occur over approximately 64,400 square miles in 
Nebraska.  The proposed Project ROW would extend 247 linear miles through areas underlain by the 
NHPAQ system.  The pipeline would immediately overlie 81 miles of the Eastern Nebraska Unit, 62 
miles of the Ogallala Formation, 12 miles of the Platte River Valley Unit, and 92 miles of the Sand Hills 
Unit. 

The type of soil that overlies the NHPAQ system generally consists of silt loam and sand, although clay 
loam, loam, and sandy loam are also present (Stanton and Qi 2007).  In the High Plains Aquifer, which 
includes the NHPAQ system, hydraulic conductivity (a measurement of the rate of movement of water 
through a porous medium such as an aquifer or a soil) ranges from 25 to 100 feet per day (ft/d) in 68 
percent of the aquifer and averages 60 ft/d (Weeks et al. 1988).  In general, ground water velocity (which 
also takes into account the porosity and the hydraulic gradient [slope of the water table]) in the High 
Plains Aquifer is 1 ft/d and flows from west to east (Luckey et al. 1986). 

The soils of the Sand Hills Unit of the NHPAQ system are derived primarily from aeolian dune sands and 
are characterized by very low organic and clay/silt fractions.  According to the USGS, the hydraulic 
conductivity of the Northern High Plains aquifer is relatively small, particularly in the Sand Hills north of 
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the Platte River (Gutentag et al. 1984; Luckey et al. 1986).  The aquifer material in this region is 
composed mainly of fine sands and silts with little hydraulic conductivity (Luckey et al. 1986).  Estimates 
of the hydraulic conductivity of the Sand Hills Unit of the NHPAQ system are variable, with a high end 
estimate of 50 ft/d (Gutentag et al. 1984) and a lower range estimate of 40 ft/d to 13 ft/d (Lappala 1978).  
Hydraulic conductivity values for the dune sands at the surface in the Sand Hills Unit range from 16.4 ft/d 
to 23.0 ft/d near the ground surface (8 inches in depth) (Wang, et al, 2006).  At intermediate depths within 
the root zone, hydraulic conductivity values range from 26.3 ft/d to 32.8 ft/d in lowland areas and 32.8 
ft/d to 49.2 ft/d in higher areas.  In the lower boundary of the root zone, at approximately 6.5 ft bgs, 
hydraulic conductivities ranged from 42.7 ft/d to 49.2 ft/d (Wang et al. 2006).  These values were based 
on direct in-situ measurements by constant head permeameter. 

In the eastern portion of the Sand Hills Unit, non dune derived soils originate from glacial loess and drift 
deposits (Sullivan, 1994).  These fine-grained loess deposits further to the east can be as thick as 200 feet 
and can locally restrict water flow where fractures are absent (USGS SIR 2006-5138, Johnson 1960). 

Certain areas within the Ogallala Formation of the NHPAQ system contain soils or lithologic zones that 
inhibit downward contaminant migration (Gurdak et al. 2009).  In these areas transport of dissolved 
chemicals from the land surface to the water table is slower, taking decades to centuries (Gurdak et al. 
2009).  However even in these areas, localized preferential flow paths do exist that could enable dissolved 
chemicals to move at an increased rate through the unsaturated zone to the water table.  These preferential 
flow paths are more likely to be present beneath topographic depressions, where precipitation or surface 
water collects.  Preferential pathways with lower infiltration rates are more likely to be present in areas of 
fine-grained sediments or beneath flat terrain where free-standing water does not pool or collect (Gurdak 
et al. 2009).  These areas within the Ogallala Formation of the NHPAQ system consist of geologic units 
that comprise unconsolidated sand, gravel, clay, and silt along with layers of calcium carbonate and 
siliceous cementation (Stanton and Qi 2007).  According to the USGS water quality report, a zone of 
post-deposition cementation is present in many of these areas near the top of the Ogallala Formation, 
creating an erosion resistant ledge.  The Ogallala Formation also contains localized ash beds.  These 
cementation zones and ash layers would serve as localized aquitards within the Ogallala Formation and 
would tend to inhibit vertical migration of dissolved contaminants.  

In Keya Paha County (northern Nebraska), wells yield 100 to 250 gpm (Newport and Krieger 1959).  
Alluvial aquifers are also present at the Keya Paha River and the Niobrara River.  The Niobrara River is 
used as a source of irrigation and municipal water supply. 

From Rock through Greeley counties, the project route is underlain by the NHPAQ system (Sand Hills 
Unit and Ogallala Formation).  The Sand Hills Unit typically has a shallow water table less than 30 feet 
bgs and is therefore a potential concern (Stanton and Qi 2006).  Alluvial aquifers are also present along 
the Elkhorn River and its tributaries and the Cedar River. 

Beneath Nance, Merrick, and Hamilton counties, the project route is again underlain by the Ogallala 
Formation of the NHPAQ system to the Loup River.  From the Loup River to the Platte River, the project 
route is underlain by the Platte River Valley Unit of the NHPAQ system.  Additional shallow aquifers 
crossed by the proposed Project include the alluvial aquifer of the South Branch Timber Creek and the 
alluvial aquifer of the Loup River (used for irrigation and domestic water supply). 

South of the Platte River, the proposed route crosses the Eastern Nebraska Unit of the NHPAQ system, 
used for irrigation, domestic, and municipal water supply.  Hordville’s public water supply comes from 
wells screened within this aquifer from 160 to 262 feet bgs (Keech 1962). 
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From York to Jefferson counties, the depth to groundwater is on average 80 feet bgs within the Eastern 
Nebraska Unit of the NHPAQ system (Stanton and Qi 2006).  Additionally, the project route crosses 
alluvial aquifers along Beaver Creek, the West Fork of the Big Blue River, and the alluvial floodplain of 
the South Fork Turkey Creek. 

While the water quality in the NHPAQ system is suitable for drinking and as irrigation water, impacts 
from farming operations are present in areas of shallow groundwater.  In areas where crop irrigation 
occurs and shallow groundwater is present, elevated levels of fertilizers, pesticides, and herbicides occur, 
including nitrate and atrazine, indicative of impact caused by farming operations.  Concentrations of these 
constituents are generally higher in the near-surface groundwater (Stanton and Qi 2007). 

The proposed pipeline route does not cross any EPA designated sole-source aquifers in Nebraska (EPA 
2009). 

Nearby Public Water Supply Wells and Private Water Wells 

Eight PWS wells are present within 1 mile of the centerline of the proposed route in Hamilton, York, 
Fillmore, Saline, and Jefferson counties.  The proposed route would not however pass through any 
identified PWS wellhead protection areas.  SWPAs within 1 mile of the proposed Project include those 
for the towns of Ericson, Hordville, McCool Junction, Exeter, Steele City and the Rock Creek State Park.  
Additional SWPAs within 1 mile of the proposed Project include those mapped in Hamilton County near 
Milepost (MP) 772 and York County near MP 781 and 783.  A total of 29 private water wells are located 
within approximately 100 feet of the proposed pipeline route within Greeley, Merrick, Hamilton, York, 
Fillmore, and Jefferson counties. 

Likely Depth to Groundwater 

Estimates of the likely depth to groundwater at existing well locations within 1 mile of the proposed 
pipeline in Nebraska are provided in Figure 3.3.1-3.  As depicted in Figure 3.3.1-3, the numbers of wells 
within 1 mile of the proposed pipeline that fall within each groundwater depth category are as follows:  

• Category A (very shallow): 183  

• Category B (shallow): 62  

• Category C (unclear but potentially very shallow): 115 

• Category D (unclear but potentially shallow): 205 

• Category E (deep): 629 

Additionally, a USGS analysis suggests that depth to groundwater in the NHPAQ system is variable and 
ranges from 0 to 272 feet bgs (Stanton and Qi 2007).  The median depths to groundwater in the NHPAQ 
units that would be crossed by the proposed Project in Nebraska are: 

•  Ogallala Formation:  110 feet bgs 

• Eastern Nebraska Unit:   79 feet bgs 

• Sand Hills Unit:   20 feet bgs 

• Platte River Valley Unit:  5 feet bgs 
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The well locations where estimated groundwater depth falls within Categories A and C can be used to 
estimate the distance along the proposed pipeline corridor in Nebraska where water depths less than or 
equal to 10 feet bgs could be encountered.  These data suggest that approximately 65 miles of the 
proposed pipeline corridor in Nebraska could encounter groundwater at a depth below ground surface less 
than or equal to 10 feet (see Figure 3.3.1-3).  The majority of these areas are present in the Sand Hills 
Unit and the Platte River Valley Unit and overlie the deeper Ogallala Formation. 
 
Kansas 

Construction planned in Kansas as part of the proposed Project comprises two new pump stations located 
in Clay and Butler counties along the existing Cushing Extension of the Keystone pipeline.  These 
counties are underlain by the near surface Permian-aged Flint Hills aquifer.  The Flint Hills aquifer, a 
source for numerous small springs, exhibits yields up to 1,000 gallons per minute and is a source for 
potable water supplies.   

Oklahoma 

Key Aquifers 

The majority of water supply in eastern Oklahoma comes from shallow alluvial and terrace aquifers 
(Ryder 1996).  Key aquifers in Oklahoma are depicted in Figure 3.3.1-4.  Alluvial aquifers are located 
within the floodplains of major rivers and terrace aquifers are present in historical floodplain terraces.  
Alluvial aquifers contain a shallow unconfined water table while terrace aquifers typically contain a water 
table depth of 30 to 50 bgs (Ryder 1996).  Major rivers and floodplains that contain these aquifers include 
the North Canadian River, the Canadian River, and the Red River at the state’s southern border.  Well 
yields for these aquifers are up to 1,000 gpm for the North Canadian River aquifer, up to 500 gpm for the 
Canadian River aquifer, and 200 to 500 gpm for the Red River aquifer (Ryder 1996).  Alluvial and terrace 
aquifers consist of Quaternary and late tertiary deposits of sand and gravel interbedded with clay and silt.  
These aquifers are used for water supply in eastern Oklahoma (Ryder 1996).   

Deeper bedrock aquifers include the Garber-Wellington aquifer, the Vamoosa-Ada aquifer, and the 
Antlers aquifer.  The Garber-Wellington aquifer consists of confined and unconfined formations.  Well 
yields range from 70 to 475 gpm (Carr and Marchur 1977) and well depths can be as shallow as 20 feet 
bgs but are also screened at depths up to 1,000 feet bgs.  This aquifer lies adjacent to the west of the 
proposed route in central Oklahoma.  The Vamoosa-Ada aquifer is present beneath the proposed route 
from Osage to Pontotoc counties and is composed of sandstone and interbedded shale.  Wells typically 
yield 25 to 150 gpm and are used for domestic supply (Ryder 1996).  The Antlers aquifer is located 
beneath the Red River at the state line between Oklahoma and Texas.  In Atoka County, the aquifer is 
present in Cretaceous-aged sandstone and is unconfined; the aquifer is confined beneath Bryan County to 
the state border.  Water is used for domestic, irrigation, commercial and public water supply (Ryder 
1996). 

Although the proposed pipeline route does not cross any sole-source aquifers in Oklahoma, the route 
would pass to the east of the Arbuckle-Simpson aquifer, a designated sole-source aquifer by EPA Region 
6 (EPA 2009).  From the center line of the pipeline, the eastern extent of the Arbuckle-Simpson aquifer is 
approximately 12 miles to the west.  The Arbuckle-Simpson aquifer underlies the Arbuckle Mountains 
and Arbuckle Plains in south central Oklahoma and is composed of sandstone and interbedded shale 
(Ryder 1996).  Water is present to depths up to 3,000 feet bgs and wells typically yield 100 to 500 gpm. 
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Nearby Public Water Supply Wells and Private Water Wells 

Within 1 mile of the proposed pipeline route in Hughes, Coal, and Bryan counties, 28 PWS wells are 
present.  The number of private water wells located within 100 feet of the proposed pipeline route in 
Oklahoma is unknown. 

Likely Depth to Groundwater 

Estimates of the likely depth to groundwater at existing well locations within 1 mile of the proposed 
pipeline in Oklahoma are provided in Figure 3.3.1-4.  As depicted in Figure 3.3.1-4, the numbers of wells 
within 1 mile of the proposed pipeline that fall within each groundwater depth category are as follows:  

• Category A (very shallow): 1 

• Category B (shallow): 2 

• Category C (unclear but potentially very shallow): 41 

• Category D (unclear but potentially shallow): 60 

• Category E (deep): 64 

Texas 

Key Aquifers 

Three principal aquifers are present beneath the proposed Project route, including the Trinity aquifer 
located south of the Red River at the state line, the Texas Coastal Uplands aquifer system from Hopkins 
County to the Neches River in Angelina County, and the Texas Coastal Lowlands aquifer system from 
Polk to Jefferson counties (Ryder 1996).  Key aquifers in Texas are depicted in Figure 3.3.1-5.  These 
aquifer systems are composed of multiple aquifers that are described below. 

The Trinity aquifer consists of Cretaceous-aged sandstone, siltsone, clay, conglomerate, shale, and 
limestone.  Wells yield 50 to 500 gpm and wells are typically 50 to 800 feet deep (Ryder 1996).  Water is 
used for domestic and agricultural use. 

The Texas Coastal Uplands aquifer system consists of two main aquifers: the Paleocene/Eocene Carrizo-
Wilcox aquifer and the Eocene Claiborne aquifer, which is situated above the Carrizo-Wilcox aquifer.  
Both aquifers consist of sand, silt, gravel, and clay and are used extensively for agricultural irrigation, 
domestic, municipal, and industrial water supply.  Groundwater in the Carrizo-Wilcox aquifer is present 
under unconfined and artesian conditions.  Water-table conditions usually occur in areas where the 
aquifer outcrops, and artesian conditions occur where the aquifer is overlain by confining beds. Well 
yields are usually 500 gal/min (Thorkildsen and Price 1991). 

From Polk County to the southern extent of the proposed route, the ROW is present above the Texas 
Coastal Lowlands aquifer system.  The three main aquifers in this system are the Miocene Jasper aquifer, 
overlain by the late Tertiary Evangeline, which is overlain by the Quaternary Chicot aquifer (Ryder 
1996).  These three aquifers are composed of sand with interbedded silt and clay.  The Evangeline and 
Chicot aquifers are used extensively for water supply in this area; water levels range from 100 to 300 feet 
bgs.   

The proposed pipeline route does not cross any sole-source aquifers in Texas, as designated by EPA 
Region 6 (EPA 2009). 
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Nearby Public Water Supply Wells and Private Water Wells 

Within 1 mile of the proposed Gulf Coast Segment pipeline route in Lamar, Wood, Smith, Rusk, 
Nacogdoches, Angelina, Polk, and Liberty counties, 53 PWS wells are present.  Within 1 mile of the 
proposed Houston Lateral pipeline route, 145 PWS wells are present in Liberty and Harris counties.  The 
proposed Project would pass within 1 mile of 36 SWPAs in Texas.  A total of three private water wells 
are located within approximately 100 feet of the proposed pipeline route within Smith and Chambers 
counties. 

Likely Depth to Groundwater 

Estimates of the likely depth to groundwater at existing well locations within 1 mile of the proposed 
pipeline in Texas are provided in Figure 3.3.1-5.  As depicted in Figure 3.3.1-5, the numbers of wells 
within 1 mile of the proposed pipeline that fall within each groundwater depth category are as follows:  

• Category A (very shallow): 11 

• Category B (shallow): 11 

• Category C (unclear but potentially very shallow): 52 

• Category D (unclear but potentially shallow): 25 

• Category E (deep): 55 

There have been no substantive changes to Sections 3.3.1.2 and 3.3.1.3 and therefore they are not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov. 

3.3.2 Potential Impacts and Mitigation 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.3.3 Connected Actions 

There have been no changes to the environmental assessment for the electrical distribution lines and 
substations or the Big Bend to Witten 230-kV transmission line (formerly the Lower Brule to Witten 230-
kV transmission line).  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS.   
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3.4 WETLANDS 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS.  

3.5 TERRESTRIAL VEGETATION 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.6 WILDLIFE 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.7 FISHERIES 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.8 THREATENED AND ENDANGERES SPECIES AND SPECIES OF 
CONSERVATION CONCERN 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.9 LAND USE, RECREATION, AND VISUAL RESOURCES 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line); therefore it is not 
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included in the SDEIS.  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.10 SOCIOECONOMICS  

Supplemental information on minority populations and low-income populations along the proposed route 
is presented below in response to comments on the draft EIS expressing concern about the potential for 
environmental justice impacts during construction and operation of the proposed Project.  As noted 
below, the inclusion of this expanded information in the analysis did not affect results of the assessment 
of the potential environmental justice impacts due to construction and normal operation of the proposed 
Project.  Impacts associated with unintentional releases from the proposed Project are addressed in 
Section 3.13. 

3.10.1 Socioeconomics and Environmental Justice (New Title) 

This section was titled Environmental Setting in the draft EIS.  There have been no substantive changes to 
this section and therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

3.10.1.1 Environmental Setting (New Title) 

This section was titled Region of Influence in the draft EIS.  There have been no substantive changes to 
this section and therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

Population 

This was Section 3.10.1.2 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

Housing 

This was Section 3.10.1.3 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

Economic Activity 

This was Section 3.10.1.4 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

Tax Revenue 

This was Section 3.10.1.5 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 
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Public Services 

This was Section 3.10.1.6 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

Environmental Justice 

This was Section 3.10.1.7 in the draft EIS.   

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority Populations and 
Low-Income Populations directs Federal agencies to identify and address, as appropriate, 
disproportionately high and adverse health or environmental effects of their programs, policies, and 
activities on minority populations and low-income populations.  Environmental justice refers to the “fair 
treatment and meaningful involvement of all people regardless of race, color, national origin, or income 
with respect to the development, implementation, and enforcement of environmental laws, regulations, 
and policies” (EPA 2007).  The Council on Environmental Quality (CEQ) has provided guidance for 
addressing environmental justice (CEQ 1997).   

In the draft EIS, minority and low-income populations along the proposed Project corridor were screened 
at the county level for the 58 counties in 6 states that would be crossed by the proposed Project.   Several 
commenters on the draft EIS requested additional detailed analysis on minority and low-income 
populations that could be impacted by the proposed Project.  In response, DOS has evaluated census 
block groups within a 4-mile-wide analysis area centered on the pipeline and associated pump stations.   

Methodology to Identify and Locate Minority and Low-Income Populations 

Minority populations are members of one of the following racial groups: African-Americans, American 
Indians or Alaskan Natives, Asians, Native Hawaiians or other Pacific Islanders, “Other” races, or multi-
racial (CEQ 1997).  The racial population is expressed in terms of the number and/or percentage of people 
that are minorities in an area.  The sum of these racial minority populations is referred to as the aggregate 
racial minority population for counties and census block groups.  Minority population was determined 
using US Census Summary File 1 Category P6: Race.  Persons of Hispanic/Latino origin are referred to 
as an ethnic minority, may be of any race including the identified racial populations, and thus are 
identified as a separate subcategory.  Hispanic or Latino population was determined using US Census 
Summary File 1 Category P7: Hispanic or Latino by Race.  Low-income population was determined 
using U.S. Census Summary File 3 Category P87: Poverty Status in 1999 by Age.   

Census Geographic Unit Criteria 

Determination of Potentially Affected Area for Analysis 

In order to assess potential impacts to minority and low-income populations from construction and 
operation of the proposed Project as well as from potential discharge incidents, DOS considered the types 
of effects and the areal distribution of these effects as a function of distance from the proposed Project 
pipeline centerline to establish a potentially affected area for analysis.  Effects considered included 
potential dust and noise generated by construction, disruption to traffic patterns associated with the 
movement of construction materials and equipment, and potential health impacts in the unlikely event of a 
substantial discharge from the proposed Project during operation.   
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The determination of the precise distance from the proposed Project centerline where these effects could 
impact minority or low-income populations is problematic given the length of the proposed Project, the 
diversity of terrain the proposed Project would cross, and the variation in population density along the 
proposed Project corridor.  Of particular concern would be any potential health effects to minority or low-
income populations resulting from a crude oil discharge.  The potential effects of a crude oil discharge are 
addressed in detail in Section 3.13.  As discussed in Section 3.13, a 1979 pipeline crude oil release near 
Bemidji, Minnesota can be used as an example of possible terrestrial and subsurface crude oil distribution 
in the unlikely event of a substantial crude oil discharge.  In that release a substantial quantity of crude oil 
(approximately 10,700 bbl) was released to the environment.  It affected the ground surface over an area 
that extended approximately 1,200 feet northwest to southeast and 900 feet northeast to southwest.  In the 
subsurface groundwater, the dissolved contaminant plume has extended downgradient over time 
approximately 650 feet.  Using these dimensions as a surrogate for a potential substantial discharge along 
the proposed Project corridor and considering that the distribution of volatile organic compounds in the 
air would potentially extend beyond these dimensions depending on climatic conditions at the time of the 
discharge, DOS defined a 4-mile-wide affected analysis area that extends a distance of 2 miles on either 
side of the proposed Project centerline.  This conservative affected area should adequately address the 
uncertainty inherent in the analysis, given that actual discharge volumes and the actual release location in 
the unlikely event of a substantial discharge from the proposed Project are not known. 

Population within County 

Minority or low-income populations at the county level can be assessed using an EPA GIS Mapping Tool 
to identify areas of environmental justice concern within a state.  The key socioeconomic demographic 
data pertinent for environmental justice are the racial/ethnic composition and income status of affected 
counties.  The proposed Project corridor would cross 58 counties in six states.  However, DOS analyzed 
county population data within a 4-mile-wide analysis area, and as a result an additional county (Payne 
County, Oklahoma) was added to this analysis resulting in an evaluation of 59 counties.   

Population within Census Block Groups 

A census block group is the smallest geographic area for which the Census Bureau provides consistent 
sample data and generally contains a population between 600 and 3,000 individuals.  These data are 
summarized in Table 3.10.1-9 from north to south along the proposed alignment.  The U.S. Census 
Bureau’s 2000 census block groups were identified within the 4-mile-wide analysis area.  

Geographic Information Systems (GIS) and U.S. Census Bureau’s 2000 census block group data were 
then used to determine the minority and low-income characteristics.   As indicated in Table 3.10.1-10, the 
4-mile-wide analysis area for the proposed Project encompasses or intersects 287 census block groups 
across 6 states.  Of the 287 census block groups identified, 63 are along the proposed Steele City 
Segment, 5 are near the proposed new pump stations on the Cushing Extension in Kansas, 180 are along 
the proposed Gulf Coast Segment, and 43 are along the proposed Houston Lateral.  Four census block 
groups in Liberty County, Texas, fall within the 4-mile-wide analysis area for both the proposed Gulf 
Coast Segment and the proposed Houston Lateral but are counted only once in the totals.  

A census block group was included in the 4-mile-wide analysis area if its boundaries were fully contained 
in the area, or if any part of the census block group was contained in the area.  Fully contained census 
block groups are shown in Table 3.10.1-10.  There were no fully contained census block groups in any 
states in the proposed Steele City Segment or pump stations in Kansas.  On the proposed Gulf Coast 
Segment, one fully contained group was identified in Lincoln County, Oklahoma at Stroud and Angelina 
County, Texas at Diboll, and seven were identified in Jefferson County, Texas at Nederland and Central 
Gardens.  For the proposed Houston Lateral, one fully contained group was identified in Harris County at 
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Channelview.  All of the remaining census block groups east of Houston on the proposed Houston Lateral 
are only partially within the proposed Project analysis area.  As stated previously the analysis is likely to 
be conservative since portions of most of the census block groups analyzed are outside of the 4-mile-wide 
analysis area.   

Population Percentage Criteria 

To assess potential environmental justice concerns related to the proposed Project in accordance with 
CEQ Guidance, DOS performed two separate proximity based analyses within the 4-mile-wide analysis 
area.  These two separate analyses include: 

• A 50 percent criterion population analysis to determine those counties and census block groups 
along the proposed Project corridor where minority and/or low-income individuals are equal to or 
exceed 50 percent of the population of the census block group.  

• A meaningfully greater criterion population analysis in which minority and/or low-income 
population percentages within counties and individual census block groups were compared to 
state-wide reference populations for the purposes of the evaluation.  A meaningfully greater 
population was defined as a minority and/or low-income population within an individual county 
or census block group that was equal to or greater than 150 percent (1.5 times) of the state-wide 
reference population.  While some analyses consider a minority and/or low-income population 
within an individual county or census block group equal to or greater than 120 percent (1.2 times) 
of the state-wide reference population to be appropriate, given the low population base across 
most of the proposed Project corridor, the 150 percent criterion was selected for the analysis of 
the proposed Project.  DOS considers comparisons to the state-wide percentage a much more 
appropriate comparison than comparisons to nation-wide percentages for determining potential 
environmental justice concerns for linear energy projects.  Comparisons to nationwide 
percentages are more appropriate for assessing impacts associated with facility siting where 
alternatives to the proposed facility are very widely dispersed geographically. 

If a census block group within the proposed Project analysis area met either of these criteria, DOS 
assumed that there is a potential for environmental justice populations to experience disproportionate 
effects.   



 

TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Steele City Segment 

Montana 

Phillips 4,601 828 
(18.0%) 4 (0.1%) 379 (8.2%) 34 (0.7%) 2 (0.04%) 96 (2.1%) 515 (11.2%) 24 (0.5%) 

Valley 7,675 1,026 
(13.4%) 7 (0.1%) 634 (9.4%*) 11 (0.2%) 40 (0.3%) 168 (1.8%) 860 (11.2%) 118 (1.5%) 

McCone 1,977 331 
(16.7%) 11 (0.6%*) 27 (1.4%) 2 (0.1%) 4 (0.2%) 30 (1.5%) 74 (3.7%) 24 (1.2%) 

Dawson 9,059 1,285 
(14.2%) 46 (0.5%) 87 (1.0%) 5 (0.1%) 2 (0.02%) 54 (0.6%) 194 (2.1%) 69 (0.8%) 

Prairie 1,199 202 
(16.8%) 0 (0.0%) 11 (0.9%) 2 (0.2%) 0 (0.0%) 4 (0.3%) 17 (1.4%) 4 (0.3%) 

Fallon 2,837 349 
(12.3%) 9 (0.3%) 12 (0.4%) 4 (0.1%) 0 (0.0%) 7 (0.2%) 32 (1.1%) 17 (0.6%) 

Subtotal Montana 27,348 4,021 
(14.7%) 77 (0.3%) 1,150 

(4.2%) 58 (0.2%) 48 (0.2%) 359 (1.3%) 1,692 (6.2%) 256 (0.9%) 

Montana 
Exceedance 
Criteriab 

 21.9% 0.5% 9.3% 0.9% 0.9% 2.6% 14.2% 3.0% 

South Dakota 

Harding 1,353 277 
(20.5%*) 7 (0.5%) 20 (1.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 27 (2.0%) 7 (0.5%) 

Butte 9,094 1,147 
(12.6%) 2 (0.02%) 86 (0.9%) 48 (0.5%) 76 (0.8%*) 127 (1.4%) 339 (3.7%) 309 (3.4%*) 

Perkins 3,363 561 
(16.7%) 3 (0.1%) 70 (2.1%) 13 (0.4%) 4 (0.1%) 34 (1.0%) 124 (3.7%) 3 (0.1%) 

Meade 24,253 2,195 
(9.1%) 

331 
(1.4%*) 549 (2.3%) 178 (0.7%) 173 (0.7%*) 573 (2.4%*) 1,804 (7.4%) 435 (1.8%) 

Pennington 88,656 9,967 
(11.3%) 677 (0.8%) 6,748 

(7.6%) 
954 

(1.1%*) 665 (0.8%*) 2,707 
(3.1%*) 

11,751 
(13.3%) 

2,335 
(2.6%*) 
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TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Haakon 2,196 298 
(13.6%) 0 (0.0%) 57 (2.6%) 14 (0.6%) 0 (0.0%) 8 (0.4%) 79 (3.6%) 3 (0.1%) 

Jones 1,193 188 
(15.8%) 7 (0.6%) 18 (1.5%) 0 (0.0%) 0 (0.0%) 27 (2.3%*) 52 (4.4%) 0 (0.0%) 

Lyman 3,895 941 
(24.2%*) 2 (0.1%) 1,249 

(32.1%*) 8 (0.2%) 0 (0.0%) 85 (2.2%*) 1,344 
(34.5%*) 1 (0.03%) 

Tripp 6,430 1,254 
(18.4%) 0 (0.0%) 671 (11.2%) 19 (0.1%) 0 (0.0%) 89 (1.2%) 779 (12.1%) 46 (0.9%) 

Subtotal South 
Dakota 140,433 16,828 

(12.0%) 
1,029 
(0.7%) 

9,468 
(6.7%) 

1,234 
(0.9%) 918 (0.7%) 3,650 (2.6%) 16,299 

(11.6%) 3,139 (2.2%) 

South Dakota 
Exceedance 
Criteriab 

 19.8% 0.9% 12.5% 0.9% 0.5% 2.0% 17.0% 2.1% 

Nebraska 

Keya Paha 983 264 
(26.9%*) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5 (0.5%) 5 (0.5%) 24 (2.4%) 

Rock 1,756 375 
(21.4%*) 0 (0.0%) 26 (1.5%*) 5 (0.3%) 0 (0.0%) 8 (0.5%) 39 (2.2%) 11 (0.6%) 

Holt 11,551 1,477 
(12.8%) 2 (0.02%) 34 (0.3%) 11 (0.1%) 51 (0.4%) 19 (0.2%) 117 (1.0%) 72 (0.6%) 

Garfield 1,902 232 
(12.2%) 0 (0.0%) 3 (0.1%) 2 (0.1%) 2 (0.1%) 9 (0.5%) 16 (0.8%) 20 (1.1%) 

Wheeler 886 183 
(20.7%*) 2 (0.2%) 5 (0.6%) 0 (0.0%) 7 (0.8%) 2 (0.2%) 16 (1.8%) 7 (0.8%) 

Greeley 2,714 387 
(14.3%) 8 (0.3%) 0 (0.0%) 3 (0.1%) 14 (0.5%) 2 (0.1%) 27 (1.0%) 16 (0.6%) 

Boone 6,259 638 
(10.2%) 0 (0.0%) 7 (0.1%) 8 (0.1%) 19 (0.3%) 29 (0.5%) 63 (1.0%) 59 (0.9%) 

Nance 4,038 518 
(12.8%) 0 (0.0%) 6 (0.1%) 8 (0.2%) 3 (0.1%) 37 (0.9%) 54 (1.3%) 49 (1.2%) 

Merrick 8,204 713 
(8.7%) 7 (0.1%) 6 (0.1%) 28 (0.3%) 33 (0.4%) 27 (0.3%) 101 (1.2%) 158 (1.9%) 
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TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Hamilton 9,403 690 
(7.3%) 19 (0.2%) 0 (0.0%) 1 (0.01%) 27 (0.3%) 32 (0.3%) 79 (0.8%) 66 (0.7%) 

York 14,598 1,170 
(8.0%) 93 (0.6%) 30 (0.2%) 62 (0.4%) 149 (1.0%) 99 (0.7%) 433 (3.0%) 258 (1.8%) 

Fillmore 6,634 498 
(7.5%) 2 (0.03%) 33 (0.5%) 10 (0.2%) 63 (0.9%) 46 (0.7%) 154 (2.3%) 76 (1.1%) 

Saline 13,843 1,213 
(8.8%) 49 (0.4%) 120 (0.9%) 158 (1.1%) 498 (3.6%) 89 (0.6%) 914 (6.6%) 879 (6.3%) 

Jefferson 8,333 733 
(8.8%) 3 (0.04%) 38 (0.5%) 8 (0.1%) 17 (0.2%) 57 (0.7%) 123 (1.5%) 74 (0.9%) 

Subtotal Nebraska 91,104 9,091 
(10.0%) 185 (0.2%) 308 (0.3%) 304 (0.3%) 883 (1.0%) 461 (0.5%) 2,141 (2.4%) 1,769 (1.9%) 

Nebraska 
Exceedance 
Criteriab 

 14.6% 6.0% 1.4% 2.0% 4.2% 2.1% 15.6% 8.3% 

New Cushing Extension Pump Stations 

Kansas 

Clay 8,822 867 
(9.8%) 20 (0.2%) 16 (0.2%) 12 (0.1%) 30 (0.3%) 163 (1.8%) 241 (2.7%) 92 (1.0%) 

Butler 59,482 4,187 
(7.0%) 806 (1.4%) 709 (1.2%) 212 (0.4%) 455 (0.8%) 1,031 (1.7%) 3,213 (5.4%) 1,140 (1.9%) 

Subtotal Kansas 68,304 5,054 
(7.4%) 826 (1.2%) 725 (1.1%) 224 (0.3%) 485 (0.7%) 1,194 (1.7%) 3,454 (5.1%) 1,232 (1.8%) 

Kansas Exceedance 
Criteriab  14.9% 8.6% 1.4% 2.6% 5.2% 3.2% 20.8% 10.5% 

Gulf Coast Segment 

Oklahoma 

Payne 68,186 12,431 
(18.2%) 

2,550 
(3.7%) 

3,000 
(4.4%) 

1,906 
(2.8%*) 629 (0.9%) 2,580 (3.8%) 10,665 

(15.6%) 1,640 (2.4%) 

Creek 67,367 8,924 1,953 5,757 123 (0.2%) 462 (0.7%) 3,874 (5.8%) 12,169 1,390 (2.1%) 
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TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

(13.2%) (2.9%) (8.5%) (18.1%) 

Lincoln 32,080 4,591 
(14.3%) 636 (2.0%) 2,086 

(6.5%) 103 (0.3%) 124 (0.4%) 1,448 (4.5%) 4,397 
(13.7%) 334 (1.0%) 

Okfuskee 11,814 2,508 
(21.2%) 

1,194 
(10.1%) 

2,160 
(18.3%*) 15 (0.1%) 102 (0.9%) 602 (5.1%) 4,073 

(34.5%) 215 (1.8%) 

Seminole 24,894 5,055 
(20.3%) 

1,454 
(5.8%) 

4,213 
(16.9%*) 104 (0.4%) 212 (0.9%) 1,340 (5.4%) 7,323 

(29.4%) 562 (2.3%) 

Hughes 14,154 2,822 
(19.9%) 645 (4.6%) 2,230 

(15.8%*) 16 (0.1%) 82 (0.6%) 851 (6.0%) 3,824 
(27.0%) 310 (2.2%) 

Pontotoc 35,143 5,601 
(15.9%) 835 (2.4%) 5,469 

(15.6%*) 122 (0.3%) 186 (0.5%) 1,949 (5.5%) 8,561 
(24.4%) 637 (1.8%) 

Coal 6,031 1,366 
(22.6%*) 22 (0.4%) 1,019 

(16.9%*) 18 (0.3%) 80 (1.3%) 353 (5.9%) 1,492 
(24.7%) 183 (3.0%) 

Atoka 13,879 2,426 
(17.5%) 813 (5.9%) 1,613 

(11.6%) 8 (0.1%) 59 (0.4%) 881 (6.3%) 3,374 
(24.3%) 139 (1.0%) 

Bryan 36,534 6,529 
(17.9%) 536 (1.5%) 4,694 

(12.8%*) 128 (0.4%) 399 (1.1%) 1,610 (4.4%) 7,367 
(20.2%) 823 (2.3%) 

Subtotal Oklahoma 310,082 52,253 
(16.9%) 

10,638 
(3.4%) 

32,241 
(10.4%) 

2,543 
(0.8%) 

2,335 
(0.8%) 

15,488 
(5.0%) 

63,245 
(20.4%) 6,233 (2.0%) 

Oklahoma 
Exceedance 
Criteriab 

 22.1% 11.4% 11.9% 2.0% 3.6% 6.8% 35.6% 7.8% 

Texas 

Fannin 31,242 3,878 
(12.4%) 

2,451 
(7.8%) 285 (0.9%*) 85 (0.3%)  929 (3.0%) 445 (1.4%) 4,195 

(13.4%) 1,769 (5.7%) 

Lamar 48,499 7,737 
(16.2%) 

6,257 
(13.5%) 530 (1.1%*) 164 (0.4%) 689 (1.2%) 770 (1.4%) 8,410 

(17.3%) 1,715 (3.3%) 

Delta 5,327 911 
(17.1%) 503 (9.4%) 31 (0.6%) 20 (0.4%) 4 (0.1%) 142 (2.7%) 700 (13.1%) 43 (0.8%) 

Hopkins 31,960 4,580 
(14.6%) 

2,415 
(8.0%) 283 (0.7%) 117 (0.2%) 1,523 

(4.6%) 498 (1.4%) 4,836 
(15.1%) 2,960 (9.3%) 
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TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Franklin 9,458 1,448 
(15.3%) 380 (4.0%) 73 (0.8%) 8 (0.1%) 501 (5.3%) 61 (0.6%) 1,023 

(10.8%) 830 (8.8%) 

Wood 36,752 5,051 
(11.9%) 

2,261 
(6.1%) 140 (0.6%) 110 (0.2%) 963 (2.9%) 488 (1.1%) 3,962 

(10.8%) 1,977 (5.7%) 

Upshur 35,291 5,167 
(14.6%) 

3,529 
(10.0%) 150 (0.4%) 104 (0.3%) 846 (2.4%) 394 (1.1%) 5,023 

(14.2%) 1,336 (3.8%) 

Smith 174,706 23,543 
(13.5%) 

33,296 
(19.1%*) 726 (0.4%) 1159 

(0.7%) 
10,066 
(5.8%) 2,288 (1.3%) 47,535 

(27.2%) 
19,395 
(11.1%) 

Rusk 47,372 6,526 
(13.8%) 

9,175 
(19.4%*) 174 (0.4%) 130 (0.3%) 1,735 

(3.7%) 476 (1.0%) 11,690 
(24.7%) 3,934 (8.3%) 

Cherokee 46,659 7,823 
(16.8%) 

7,689 
(16.5%) 126 (0.3%) 88 (0.2%) 3,493 

(7.5%) 462 (1.0%) 11,858 
(25.4%) 

6,183 
(13.3%) 

Nacogdoches 59,203 12,743 
(21.5%) 

9,827 
(16.6%) 249 (0.4%) 478 (0.6%) 3,174 

(5.4%) 1,093 (1.8%) 14,821 
(25.0%) 

6,700 
(11.3%) 

Angelina 80,130 12,241 
(15.3%) 

11,851 
(14.8%) 277 (0.3%) 548 (0.7%) 5,945 

(7.4%) 1,245 (1.6%) 19,866 
(24.8%) 

11,282 
(14.1%) 

Polk 41,133 6,540 
(17.5%) 

5,270 
(13.2%) 706 (1.7%*) 253 (0.6%) 1,631 

(3.7%) 609 (1.3%) 8,469 
(20.6%) 3,970 (9.4%) 

Liberty 70,154 9,296 
(13.3%) 

8,884 
(12.7%) 341 (0.5%) 241 (0.3%) 4,098 

(5.8%) 1,102 (1.6%) 14,666 
(20.9%) 

7,661 
(10.9%) 

Hardin 48,073 5,314 
(11.1%) 

3,328 
(6.9%) 119 (0.2%) 278 (0.6%) 304 (0.6%) 548 (1.1%) 4,577 (9.5%) 1,176 (2.4%) 

Jefferson 252,051 41,142 
(16.3%) 

84,970 
(33.7%*) 996 (0.4%) 7,159 

(2.8%) 
10,648 
(4.2%) 3,707 (1.5%) 107,480 

(42.6%) 
26,664 
(10.6%) 

Subtotal Texas -
Gulf Coast 
Segment 

1,018,010 153,940 
(15.1%) 

192,086 
(18.9%) 

5,206 
(0.5%) 

10,942 
(1.1%) 

46,549 
(4.6%) 

14,328 
(1.4%) 

77,025 
(7.6%) 

97,595 
(9.6%) 

Texas 
Exceedance 
Criteriab 

 23.1% 17.3% 0.9% 4.2% 17.6% 3.8% 43.7% 48.0% 

Houston Lateral 
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TABLE 3.10.1-9 
Minority and Low-Income Populations as Percentage of Total County Populations  

in Affected Counties in 4-Mile-Wide Analysis Area 

County 
Total 

Population 
Low-

Income 
African 

American 

Native 
American 
or Alaskan 

Native 

Asian or 
Pacific 

Islander Othera 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Liberty 70,154 9,296 
(13.3%) 

8,884 
(12.7%) 341 (0.5%) 241 (0.3%) 4,098 

(5.8%) 1,102 (1.6%) 14,666 
(20.9%) 

7,661 
(10.9%) 

Chambers 26,031 2,833 
(10.9%) 

2,508 
(9.6%) 94 (0.4%) 89 (0.3%) 1,619 

(6.2%) 355 (1.4%) 4,665 
(17.9%) 

2,836 
(10.9%) 

Harris 3,400,578 503,234 
(14.8%) 

627,111 
(18.4%*) 

14,670 
(0.4%) 

173,491 
(5.1%*) 

488, 480 
(14.4%) 

102,669 
(3.0%) 

1,406,421 
(41.4%) 

1,120,625 
(32.9%) 

Subtotal Texas - 
Houston Lateral 3,496,763 515,363 

(14.7%) 
638,503 
(18.3%) 

15,105 
(0.4%) 

173,821 
(5.0%) 

494, 197 
(14.1%) 

104, 126 
(3.0%) 

1,425,752 
(40.8%) 

1,131,122 
(32.4%) 

Texas 
Exceedance 
Criteriab 

 23.1% 17.3% 0.9% 4.2% 17.6% 3.8% 43.7% 48.0% 

Subtotal Texas 4,444,619 660,007 
(14.8%) 

821,705 
(18.5%) 

19,970 
(0.4%) 

184,522 
(4.2%) 

536,648 
(12.1%) 

117,352 
(2.6%) 

1,488,111 
(33.5%) 

1,221,056 
(27.5%) 

Project Total 5,081,890 747,254 
(14.7%) 

834,460 
(16.4%) 

63,862 
(1.3%) 

188,885 
(3.7%) 

541, 317 
(10.7%) 

138, 504 
(2.7%) 

1,574,942 
(31.0%) 

1,233,685 
(24.3%) 

a  The “Other” racial category accounts for those individuals who marked “Some other race”, a category included in the 2000 Census for respondents who were unable to identify with 
the five Office of Management and Budget’s race categories. Respondents who provided write-in entries such as Moroccan, South African, Belizean, or a Hispanic origin (for example, 
Mexican, Puerto Rican, or Cuban) are included in the “Other” race category. (http://www.census.gov/prod/2001pubs/c2kbr01-1.pdf). 
b State-wide exceedance criteria percentages are 1.5 times the actual Environmental Justice group population percentages for each state.  
* Denotes Minority populations and low-income individuals that were meaningfully greater than the corresponding minority population or low-income individual at the state level in the 
relevant racial/ethnic or low-income category columns.  
Sources:  U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race. Washington, D.C. 
U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C.



 

TABLE 3.10.1-10 
Minority and Low-Income Populations as Percentage of  

Census Block Group Populations in 4-Mile-Wide Analysis Area 

County 

Total 
Number 

of 
Census 
Block 

Groups Low-Income 
African 

American 

Native 
American or 

Alaskan 
Native 

Asian or 
Pacific 

Islander Other 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Steele City Segment 

Montana 

Phillips 1 314 (24.4%) 0 (0%) 85 (6.6%) 5 (0.4%) 2 (0.2%) 23 (1.8%) 115 (9.0%) 10 (0.8%) 

Valley 6 593 (15.3%) 7 (0.2%) 550 (14.2%) 11 (0.3%) 19 (0.5%) 74 (1.9%) 661 (17.1%) 28 (0.1%) 

McCone 3 331 (16.7%) 11 (0.6%) 27 (1.4%) 2 (0.1%) 4 (0.2%) 30 (1.5%) 74 (3.7) 24 (1.2%) 

Dawson 2 186 (18.0%) 0 (0%) 2 (0.2%) 0 (0%) 0 (0%) 6 (0.6%) 8 (0.8%) 2 (0.2%) 

Prairie 1 152 (26.5%) 0 (0%) 3 (0.5%) 0 (0%) 0 (0%) 4 (0.7%) 7 (1.2%) 2 (0.3%) 

Fallon 3 349 (12.3%) 9 (0.3%) 12 (0.4%) 4 (0.1%) 0 (0%) 7 (0.3%) 32 (1.1%) 17 (0.6%) 

Carter 1 130 (14.9%) 4 (0.5%) 3 (0.3%) 0 (0%) 0 (0%) 2 (0.2%) 9 (1.0%) 0 (0%) 
Subtotal 
Montana 17 2,055 

(16.5%) 31 (0.2%) 682 (5.5%) 22 (0.2%) 25 (0.2%) 146 (1.2%) 906 (7.3%) 83 (0.7%) 

South Dakota 

Harding 2 277 (20.5%) 7 (0.5%) 20 (1.5%) 0 (0%) 0 (0%) 0 (0%) 27 (2.0%) 7 (0.5%) 

Butte 1 167 (13.9%) 0 (0%) 0 (0%) 0 (0%) 2 (0.2%) 12 (1.0%) 14 (1.2%) 10 (0.8%) 

Perkins 1 239 (21.8%) 0 (0%) 6 (0.5%) 0 (0%) 0 (0%) 13 (1.2%) 19 (1.7%) 3 (0.3%) 

Meade 2 261 (16.5%) 0 (0%) 56 (3.5%) 6 (0.4%) 0 (0%) 10 (0.6%) 72 (4.5%) 12 (0.8%) 

Ziebach 1 392 (59.8%) 0 (0%) 591 (90.2%) 2 (0.3%) 3 (0.5%) 3 (0.5%) 599 (91.5%) 7 (1.1%) 

Pennington 1 91 (17.6%) 0 (0%) 9 (1.7%) 0 (0%) 0 (0%) 9 (1.7%) 18 (3.4%) 0 (0%) 

Haakon 2 202 (18.0%) 0 (0%) 20 (1.8%) 9 (0.8%) 0 (0%) 1 (0.1%) 30 (2.7%) 0 (0%) 

Jones 1 188 (15.8%) 7 (0.6%) 18 (1.5%) 0 (0%) 0 (0%) 27 (2.3%) 52 (4.4%) 0 (0%) 

Lyman 1 149 (14.0%) 0 (0%) 8 (0.7%) 0 (0%) 0 (0%) 23 (2.2%) 31 (2.9%) 0 (0%) 
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TABLE 3.10.1-10 
Minority and Low-Income Populations as Percentage of  

Census Block Group Populations in 4-Mile-Wide Analysis Area 

County 

Total 
Number 

of 
Census 
Block 

Groups Low-Income 
African 

American 

Native 
American or 

Alaskan 
Native 

Asian or 
Pacific 

Islander Other 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Tripp 8 1,254 
(19.5%) 0 (0%) 671 (10.4%) 19 (0.3%) 0 (0%) 89 (1.4%) 779 (12.1%) 46 (0.7%) 

Gregory 1 188 (25.6%) 5 (0.7%) 44 (6.0%) 0 (0%) 0 (0%) 4 (0.5%) 53 (7.2%) 3 (0.4%) 
Subtotal South 
Dakota 21 3,408 

(20.1%) 19 (0.1%) 1,443 (8.5%) 36 (0.2%) 5 (0.1%) 191 (1.1%) 1,694 
(10.0%) 88 (0.5%) 

Nebraska 

Keya Paha 1 264 (26.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (0.5%) 5 (0.5%) 24 (2.4%) 

Rock 1 217 (25.8%) 0 (0%) 7 (0.8%) 0 (0%) 0 (0%) 0 (0%) 7 (0.8%) 4 (0.5%) 

Holt 2 318 (15.5%) 0 (0%) 24 (1.2%) 0 (0%) 5 (0.2%) 4 (0.2%) 33 (1.6%) 7 (0.3%) 

Garfield 1 67 (10.9%) 0 (0%) 0 (0%) 2 (0.3%) 0 (0%) 0 (0%) 2 (0.3%) 7 (1.1%) 

Wheeler 1 183 (20.7%) 2 (0.2%) 5 (0.6%) 0 (0%) 7 (0.8%) 2 (0.2%) 16 (0.2%) 7 (0.8%) 

Greeley 2 387 (14.3%) 8 (0.3%) 0 (0%) 3 (0.1%) 14 (0.5%) 2 (0.1%) 27 (1.0%) 16 (0.6%) 

Boone 2 194 (13.3%) 0 (0%) 0 (0%) 4 (0.3%) 0 (0%) 4 (0.3%) 8 (0.6%) 13 (0.9%) 

Nance 1 118 (17.1%) 0 (0%) 0 (0%) 4 (0.6%) 0 (0%) 5 (0.7%) 9 (1.3%) 0 (0%) 

Merrick 2 145 (7.1%) 4 (0.2%) 0 (0%) 0 (0%) 8 (0.4%) 6 (0.3%) 18 (0.9%) 17 (0.8%) 

Hamilton 1 46 (4.4%) 4 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (0.4%) 0 (0%) 

Polk 1 28 (3.8%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

York 3 432 (9.2%) 50 (1.1%) 11 (0.2%) 0 (0%) 72 (1.5%) 21 (0.5%)  154 (3.3%) 100 (2.1%) 

Fillmore 2 297 (10.8%) 0 (0%) 8 (0.3%) 7 (0.3%) 11 (0.4%) 35 (1.3%) 61 (2.3%) 15 (0.5%) 

Saline 2 145 (7.9%) 2 (0.1%) 2 (0.1%) 2 (0.1%) 0 (0%) 9 (0.5%) 15 (0.8%) 4 (0.2%) 

Jefferson 3 306 (8.2%) 0 (0%) 0 (0%) 8 (0.2%) 10 (0.3%) 46 (1.2%) 64 (1.7%) 25 (0.7%) 
Subtotal 
Nebraska 25 3,147 

(11.6%) 70 (0.3%) 57 (0.2%) 30 (0.1%) 127 (0.5%) 139 (0.5%) 423 (1.6%) 239 (0.9%) 
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TABLE 3.10.1-10 
Minority and Low-Income Populations as Percentage of  

Census Block Group Populations in 4-Mile-Wide Analysis Area 

County 

Total 
Number 

of 
Census 
Block 

Groups Low-Income 
African 

American 

Native 
American or 

Alaskan 
Native 

Asian or 
Pacific 

Islander Other 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

New Cushing Extension Pump Stations 

Kansas 

Clay 4 456 (11.2%) 16 (0.4%) 7 (0.2%) 7 (0.2%) 7 (0.2%) 71 (1.7%) 108 (2.7%) 42 (1%) 

Butler 1 37 (5.4%) 0 (0%) 5 (0.7%) 2 (0.3%) 0 (0%) 11 (1.6%) 18 (2.6%) 0 (0%) 
Subtotal 
Kansas 5 493 (10.3%) 16 (0.3%) 12 (0.3%) 9 (0.2%) 7 (0.1%) 82 (1.7%) 126 (2.6%) 42 (0.9%) 

Gulf Coast Segment 

Oklahoma 

Payne 2 322 (12.2%) 423 (16.0%) 102 (3.9%) 13 (0.5%) 24 (0.9%) 107 (4.0%) 669 (25.3%) 72 (2.7%) 

Creek 2 312 (14.7%) 90 (4.3%) 202 (9.5%) 3 (0.1%) 6 (0.3%) 128 (6.0%) 429 (20.2%) 17 (0.8%) 

Lincoln 6 (1)a 1,020 
(16.0%) 108 (1.7%) 533 (8.3%) 14 (0.2%) 30 (0.5%) 258 (4.0%) 943 (14.7%) 48 (0.7%) 

Okfuskee 5 795 (19.9%) 962 (24.0%) 451 (11.3%) 3 (0.1%) 16 (0.4%) 176 (4.4%) 1,608 
(40.2%) 33 (0.8%) 

Seminole 5 778 (18.8%) 326 (7.9%) 761 (18.4%) 2 (0.1%) 15 (0.3%) 211 (5.1%) 1,315 
(31.8%) 46 (1.1%) 

Hughes 9 1,992 
(19.3%) 597 (5.8%) 1,631 

(15.8%) 5 (0.1%) 73 (0.7%) 590 (5.7%) 2,896 
(28.1%) 245 (2.4%) 

Pontotoc 3 440 (14.4%) 13 (0.4%) 583 (19.0%) 3 (0.1%) 11 (0.4%) 171 (5.6%) 781 (25.5%) 26 (0.8%) 

Coal 3 695 (20.6%) 20 (0.6%) 559 (16.6%) 7 (0.2%) 21 (0.6%) 170 (5.1%) 777 (23.1%) 63 (1.9%) 

Atoka 6 1,091 
(17.1%) 203 (3.2%) 825 (12.9%) 2 (0.1%) 13 (0.2%) 237 (3.7%) 1,280 

(20.1%) 30 (0.5%) 

Bryan 3 735 (18.8%) 10 (0.3%) 620 (15.9%) 5 (0.1%) 103 (2.6%) 121 (3.1%) 859 (22.0%) 136 (3.5%) 

Choctaw 1 112 (16.5%) 0 (0%) 164 (24.1%) 0 (0%) 5 (0.8%) 43 (6.3%) 212 (31.2%) 27 (4.0%) 
Subtotal 
Oklahoma 45 (1)a 8,292 

(17.6%) 2,752 (5.8%) 6,431 
(13.7%) 57 (0.1%) 317 (0.7%) 2,212 (4.7%) 11,769 

(25%) 743 (1.6%) 
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TABLE 3.10.1-10 
Minority and Low-Income Populations as Percentage of  

Census Block Group Populations in 4-Mile-Wide Analysis Area 

County 

Total 
Number 

of 
Census 
Block 

Groups Low-Income 
African 

American 

Native 
American or 

Alaskan 
Native 

Asian or 
Pacific 

Islander Other 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Texas 

Fannin 2 173 (9.7%) 1,755 
(98.1%) 0 (0%) 5 (0.3%) 0 (0%) 24 (1.3%) 5 (0.3%) 42 (2.3%) 

Lamar 6 987 (15.0%) 361 (5.5%) 49 (0.7%) 8 (0.1%) 101 (1.6%) 98 (1.5%) 617 (9.4%) 236 (3.6%) 

Delta 1 279 (18.5%) 9 (0.6%) 18 (1.2%) 16 (1.0%) 0 (0%) 45 (3.0%) 88 (5.8%) 0 (0%) 

Hopkins 5 659 (13.2%) 70 (1.4%) 48 (1.0%) 0 (0%) 143 (2.9%) 47 (0.9%) 308 (6.2%) 387 (7.8%) 

Franklin 3 482 (14.2%) 65 (1.9%) 20 (0.6%) 0 (0%) 204 (6.0%) 27 (0.8%) 316 (9.3%) 392 (11.5%) 

Wood 8 1,374 
(13.2%) 795 (7.7%) 24 (0.2%) 14 (0.1%) 89 (0.9%) 190 (1.8%) 1,112 

(10.7%) 408 (4.0%) 

Upshur 6 1,006 
(13.9%) 550 (7.6%) 15 (0.2%) 11 (0.2%) 200 (2.7%) 61 (0.8%) 837 (11.5%) 244 (3.4%) 

Smith 12 1,646 
(10.3%) 

3,920 
(24.4%) 33 (0.2%) 9 (0.1%) 45 (0.3%) 108 (0.7%) 4,115 

(25.7%) 504 (3.1%) 

Rusk 4 877 (19.7%) 1,011 
(22.7%) 24 (0.6%) 0 (0%) 270 (6.1%) 90 (2.0%) 1,395 

(31.4%) 572 (12.9%) 

Cherokee 5 1,201 
(15.1%) 

1,125 
(14.1%) 48 (0.6%) 3 (0.1%) 506 (6.4%) 124 (1.5%) 1,806 

(22.7%) 766 (9.6%) 

Nacogdoches 5 972 (14.8%) 335 (5.1%) 15 (0.2%) 46 (0.7%) 381 (5.8%) 108 (1.6%) 885 (13.4%) 705 (10.7%) 

Angelina 11 (1)a 2,986 
(13.6%) 1,599 (7.3%) 59 (0.3%) 26 (0.1%) 2,032 (9.3%) 466 (2.1%) 4,182 

(19.1%) 
4,211 

(19.2%) 
Trinity 2 290 (17.4%) 263 (15.8%) 2 (0.1%) 0 (0%) 20 (1.2%) 12 (0.7%) 297 (17.8%) 27 (1.6%) 

Polk 9 2,208 
(15.0%) 1,025 (7.0%) 86 (0.6%) 35 (0.2%) 718 (4.9%) 227 (1.5%) 2,091 

(14.2%) 1,449 (9.9%) 

San Jacinto 1 393 (17.4%) 296 (13.1%) 0 (0%) 0 (0%) 45 (2.0%) 24 (1.0%) 365 (16.1%) 129 (5.7%) 

Liberty 6 1,172 
(20.1%) 314 (5.4%) 62 (1.0%) 27 (0.5%) 185 (3.2%) 91 (1.5%) 679 (11.6%) 363 (6.2%) 

Hardin 5 852 (11.5%) 124 (1.7%) 34 (0.5%) 7 (0.1%) 85 (1.1%) 90 (1.2%) 340 (19.9%) 251 (3.4%) 
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TABLE 3.10.1-10 
Minority and Low-Income Populations as Percentage of  

Census Block Group Populations in 4-Mile-Wide Analysis Area 

County 

Total 
Number 

of 
Census 
Block 

Groups Low-Income 
African 

American 

Native 
American or 

Alaskan 
Native 

Asian or 
Pacific 

Islander Other 
Two or 

More Races 

Aggregate 
(Total) of 

Racial 
Minorities  

Hispanic or 
Latino 

Jefferson 43 (14)a 3,583 (5.7%) 10,697 
(17%) 290 (0.5%) 1,026 (1.6%) 1,023 (1.6%) 790 (1.3%) 13,826 

(22%) 5,978 (9.5%) 

Orange 1 109 (4.8%) 0 (0%) 58 (2.6%) 0 (0%) 27 (1.2%) 43 (1.9%) 128 (5.7%) 84 (3.7%) 
Subtotal Texas 
- Gulf Coast 
Segment 

135 (15)a 21,249 
(11.2%) 

22,559 
(11.9%) 890 (0.5%) 1,228 (0.6%) 6,098 (3.2%) 2,646 (1.4%) 33,421 

(17.6%) 
16,748 
(8.8%) 

Houston Lateral 

Liberty 17 2,700 
(12.9%) 

3,100 
(14.8%) 60 (0.3%) 93 (0.4%) 868 (4.2%) 301 (1.4%) 4,422 

(21.1%) 1,541 (7.4%) 

Chambers 2 283 (6.8%) 72 (1.7%) 14 (0.4%) 0 (0%) 111 (2.7%) 38 (0.9%) 235 (5.7%) 243 (5.8%) 

Harris 24 5,536 
(11.0%) 

11,317 
(22.5%) 160 (0.3%) 1,134 (2.3%) 6,738 

(13.4%) 1,326 (2.6%) 20,675 
(41.1%) 

13,643 
(27.1%) 

Subtotal Texas 
- Houston 
Lateral 

43 (2)a 8,519 
(11.3%) 

14,489 
(19.2%) 234 (0.3%) 1,227 (1.7%) 7,717 

(10.2%) 1,665 (2.2%) 25,332 
(33.6%) 

15,427 
(20.5%) 

Subtotal 
Texasb 174 (17)a 29,154 

(11.2%) 
36,770 
(14.1%) 1,122 (0.4%) 2,428 (1.0%) 13,683 

(5.2%) 4,238 (1.6%) 58,241 
(22.3%) 

31,912 
(12.2%) 

Project Total 287 (18) 46,549 
(12.6%) 

39,658 
(10.7%) 9,747 (2.7%) 2,582 (0.7%) 14,164 

(3.8%) 7,008 (1.9%) 73,159 
(19.8%) 

33,107 
(9.0%) 

a Numbers in parentheses indicate number of census block groups fully contained within the 4-mile-wide analysis area.  
b Four census block groups in Liberty County (CT 7006 BG 3, CT 7007 BG 1, CT 7013 BG 1, BG 3) affected by both the Gulf Coast Segment and Houston Lateral were only counted 
once in the Texas subtotal.    
Sources:  U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race.  Washington, D.C. 
U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C.  
See http://factfinder.census.gov/home. 
  



 

Minority Populations 

This section describes the minority populations along the proposed Project corridor using the 
methodology previously described.   

Population within County  

50 Percent Criterion 

The percent of minority populations by county within the proposed Project area are listed in Table 3.10.1-
9.  The 2000 Census showed that no minority population exceeded 50 percent of the total county 
population in any county along the proposed Project route.  Minority populations that were meaningfully 
greater than the corresponding minority population at the state level are identified with an asterisk (*) in 
the relevant racial/ethnic category columns in Table 3.10.1-9 and are also listed in Table 3.10.1-11.  
These minority populations were identified in 22 of the 59 counties in the proposed Project area. 

Meaningfully Greater Criterion 

Along the proposed Steele City Segment, eight counties had minority populations that were meaningfully 
greater than the corresponding state population.  African American populations were identified in 
McCone County, Montana and Meade County, South Dakota.  The Native American or Alaska Native 
population residing in Valley County, Montana, was partially located in the Fort Peck Indian Reservation, 
while the Lyman County, South Dakota population was partially located in the Lower Brule Indian 
Reservation.  A Native American/Alaska Native population was also identified in Rock County, 
Nebraska.  South Dakota counties also included populations of Asians or Pacific Islanders, “Other” races, 
people identifying themselves as multi-racial, people of Hispanic ethnic origin, and an aggregate minority 
population.  

In Kansas, for the two new proposed pump stations, no counties had minority populations that were 
meaningfully greater than the corresponding state population.   

Along the Gulf Coast Segment, 13 counties had minority populations that were meaningfully greater than 
the corresponding state population.  Oklahoma had 7 counties with those minority populations, which 
were comprised of 6 counties with Native Americans or Alaska Natives (Okfuskee, Seminole, Hughes, 
Pontotoc, Coal, and Bryan counties) and Payne County had an Asian or Pacific Islander population.  The 
remaining 6 county minority populations were in Texas, and included 3 counties with African Americans 
(Smith, Rusk, and Jefferson counties) and 3 counties with Native Americans or Alaska Natives (Fannin, 
Lamar, and Polk counties).   

Along the Houston Lateral, Harris County had African American and Asian or Pacific Islander 
populations that were meaningfully greater than the corresponding state population.   

Population within Census Block Groups 

For each of the 287 census block groups located within the 4-mile-wide analysis area, the percentage of 
each census block group’s population represented by each minority classification (each race, aggregate 
race minority population, and Hispanic/Latino ethnic origin) was calculated and compared to the 2 criteria 
described above.  Tables 3.10.1-12 and 3.10.1-13 identify the minority populations that are represented 
graphically in Figures 3.10.1-1 through 3.10.1-6.  These figures also identify towns and cities that occur 
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along the proposed pipeline corridor in relationship to the census block groups with minority and low-
income populations meaningfully greater than state-wide averages. 

50 Percent Criterion 

Within the comparative geographic area, a total of 25 census block groups had individual racial minority 
populations or aggregate minority populations that exceeded the 50 percent criterion.  Along the proposed 
Steele City Segment, one population in Valley County, Montana and another in Ziebach County, South 
Dakota exceeded 50 percent for Native Americans or Alaskan Natives.  The Valley County population is 
part of the Fort Peck Indian Reservation and the Ziebach County population is part of the Cheyenne River 
Indian Reservation.  No census block groups with minority populations exceeding 50 percent of the total 
population were identified in the Nebraska portion of the Steele City Segment or in Kansas for the pump 
stations.   

The Oklahoma section of the proposed Gulf Coast Segment contained 1 African American population and 
1 aggregate minority population in Okfuskee County.  These populations were within Boley, a 
community with 1,126 (55 percent) African American residents in 2000.  In Texas, along the proposed 
Gulf Coast Segment, there were 13 populations that met the 50 percent criterion.  Of the 9 African 
American populations, 1 was in Wood County near Hawkins, 2 were in Smith County east of Tyler, 1 was 
in Angelina County at Diboll, and 5 were in Jefferson County in or near Beaumont.  Aggregate minority 
populations comprising 50 percent or more of the population included two in Jefferson County near 
Beaumont and 1 in Rusk County west of Mount Enterprise.  One Hispanic population was located in 
Diboll in Angelina County.   

For the proposed Houston Lateral, Liberty County and Harris County each had two populations that met 
the 50 percent criterion for African Americans.  The African American populations in Liberty County 
were located near Liberty, Ames, and Devers and in Harris County near Barrett.  Four aggregate minority 
populations were in Harris County, near Cloverleaf and east of Houston. 

Meaningfully Greater Criterion 

Proposed Project Summary 

There were 181 meaningfully greater minority populations that occurred within 136 individual census 
block groups (see Table 3.10.1-13) along the proposed Project analysis corridor.  Of the 181 meaningfully 
greater minority populations, 24 were identified along the proposed Steele City Segment, none were 
found in proximity to the Kansas pump stations, 118 were identified along the proposed Gulf Coast 
Segment, and 41 were identified along the proposed Houston Lateral.  One African American and multi-
race population occurred in Liberty County, Texas in proximity to both the proposed Gulf Coast Segment 
and the proposed Houston Lateral.  

Proposed Steele City Segment 

For the proposed Steele City Segment, there were 10 meaningfully greater minority populations that 
occurred within 7 individual census block groups in Montana.  Three African American populations were 
in Montana, 1 each in Valley County, McCone County (in Circle), and Fallon County (in Baker).  Two 
Native American or Alaskan Native populations were in Valley County on the Fort Peck Indian 
Reservation.  Two “Other” populations also were in Valley County, 1 in the Fort Peck Indian Reservation 
and 1 east of Glasgow.  Multi-racial populations in Montana were identified in both Valley County and 
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McCone County.  One aggregate minority population was also identified in Valley County, primarily 
comprised of Native Americans or Alaskan Natives.   

South Dakota had 13 meaningfully greater minority populations that occurred within 9 individual census 
block groups.  One African American population was identified in Harding County.  One Native 
American or Alaskan Native population was in Ziebach County on the Cheyenne River Indian 
Reservation and 2 were in Tripp County within Winner.  One Asian or Pacific Islander population was 
identified in both Haakon County and in Tripp County (at Winner).  Multi-racial populations included 1 
each in Jones and Lyman counties, and 3 in Tripp County.  One Hispanic population also was located in 
Tripp County, near Winner.  One aggregate minority population was identified in Ziebach County, 
primarily comprised of Native Americans or Alaskan Natives.   

Nebraska had one multi-racial population in Jefferson County. 

Proposed Gulf Coast Segment 

For the proposed Gulf Coast Segment in Oklahoma, there were 41 meaningfully greater minority 
populations that occurred within 32 individual census block groups.  African American populations were 
in Payne County (at Cushing), Lincoln County (at Stroud), Seminole County (at Cromwell), Hughes 
County (at Holdenville), and Atoka County (at Atoka).  Two African American populations were in 
Okfuskee County (within Boley).  Of the 25 Native American or Alaskan Native groups, 1 was in 
Choctaw County; 2 were in each of Okfuskee and Bryan counties; 3 were in each of Pontotoc and Coal 
counties; 4 were in each of Seminole and Atoka counties; and 6 populations were in Hughes County.  One 
Asian or Pacific Islander population was in Lincoln County (near Stroud) and 1 “Other” population was 
identified in Bryan County.  Individual multi-racial groups were in Seminole, Pontotoc, and Atoka 
counties; and 3 groups were in Hughes County.  One aggregate minority population was also identified in 
Okfuskee County, primarily comprised of African American and Native American or Alaskan Native 
groups. 

In Texas, there were 77 meaningfully greater minority populations that occurred within 64 individual 
census block groups.  Of the 31 African American populations, 1 each was in Lamar, Cherokee, 
Angelina, Trinity, Polk, and Liberty counties; 2 were in Wood County (near Hawkins); 3 were in Rusk 
County (west of Mount Enterprise); 3 were in Smith County (east of Tyler), and 12 were in Jefferson 
County (near Beaumont).  Native American or Alaskan Native populations included 1 each in Delta, 
Franklin, Upshur, Smith, Rusk, Nacogdoches, Angelina, Hardin, and Orange counties; 2 were identified 
in each of Lamar, Hopkins, Polk, and Liberty counties; and 10 populations were in Jefferson County.  
Four Asian or Pacific Islander populations were in Jefferson County (within Beaumont and Nederland).  
“Other” populations identified included 3 in Angelina County (within Diboll), and 1 in Polk County.  Ten 
multi-race populations were identified, including 1 each in Lamar, Wood, Polk, and Liberty counties; 2 in 
Angelina County; and 4 in Jefferson County.  A Hispanic population was located in Angelina County 
(near Diboll). 

Proposed Houston Lateral 

The proposed Houston Lateral contained 41 meaningfully greater minority populations that occurred 
within 24 individual census block groups.  Six African American populations were identified in Liberty 
County (near Liberty, Devers, and Ames), and 9 were identified in Harris County (surrounding Barrett 
and Channelview).  Of the 4 Native American or Alaskan Native populations identified, 1 was Liberty 
County and 3 were in Harris County (near Sheldon and Highlands).  Three Asian or Pacific Islander 
populations were in Harris County (near Cloverleaf).  Eight “Other” populations were identified in Harris 
County (within Channelview).  Four multi-race populations were identified in Liberty County (near  
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TABLE 3.10.1-11 
County-Level Minority Populations Meaningfully Greater than  

Corresponding States’ Minority Population 
Minority Population County State 

Steele City Segment 

African American McCone Montana 

 Meade South Dakota 

Native American or Alaska Native Valley Montana 

 Lyman South Dakota 

 Rock Nebraska 

Asian or Pacific Islander Pennington South Dakota 

Other Butte South Dakota 

 Meade South Dakota 

 Pennington South Dakota 

Two or More Races Meade South Dakota 

 Pennington South Dakota 

 Jones South Dakota 

 Lyman South Dakota 

Aggregate of Racial Minorities Lyman South Dakota 

Hispanic Butte South Dakota 

 Pennington South Dakota 

Gulf Coast Segment 

African American Smith Texas 

 Rusk Texas 

 Jefferson Texas 

Native American or Alaska Native Okfuskee Oklahoma 

 Seminole Oklahoma 

 Hughes Oklahoma 

 Pontotoc Oklahoma 

 Coal Oklahoma 

 Bryan Oklahoma 

 Fannin Texas 

 Lamar Texas 

 Polk Texas 

Asian or Pacific Islander Payne Oklahoma 

Houston Lateral 

African American Harris Texas 

Asian or Pacific Islander Harris Texas 

Sources:  U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P6 - Race.  Table P7 – Hispanic or Latino by Race. 
Washington, D.C. 
U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C. 
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Dayton and Devers), and 6 were identified in Harris County (surrounding Barrett and Channelview).  One 
Hispanic population was along the proposed Houston Lateral in Harris County (within Channelview). 

Low-Income Populations 

Low-income populations in the region of influence were identified and evaluated using poverty data from 
the United States Census Bureau.  As with minority populations, low-income populations were evaluated 
using the absolute 50 percent and the relative 150 percent greater criteria, first for counties and then for 
potentially affected census block groups within the counties.  If the percentage of low-income individuals 
was 150 percent greater in a county than the corresponding state in which it was located, it was 
considered to be a low-income population.  These counties are noted with an asterisk (*) in the far right 
column of Table 3.10.1-9.  Also, low-income individuals in each census block group were divided by the 
total individuals for that census block group to obtain the percentage of low-income individuals per 
census block group.  If any census block group percentage exceeded the corresponding state percentage 
by more than 150 percent, then the census block group was identified as containing a low-income 
population. 

Four states, Montana (14.6 percent), South Dakota (13.2 percent), Oklahoma (14.7 percent), and Texas 
(15.4 percent) had greater rates of low-income residents in 1999 than the U.S. rate of 12.4 percent.  In 
comparison, 9.9 percent of Kansas residents were considered low-income in 1999 and 9.7 percent of 
Nebraska residents were considered low-income, noticeably less than for the United States percentage.  
Thus, for comparative purposes, the 150-percent exceedance criterion for each state would be 21.9 
percent for Montana, 19.8 percent for South Dakota, 14.6 percent for Nebraska, 14.9 percent for Kansas, 
22.1 percent for Oklahoma, and 23.1 percent for Texas.  

Population within County  

As shown in Table 3.10.1-9, no counties had 50 percent or more of low-come individuals.  In total, 6 of 
the 59 counties that comprise the proposed Project area met the 150 percent meaningfully greater criterion 
for low-income populations.   

In the proposed Steele City Segment, 5 out of 29 counties had meaningfully greater low-income 
populations, including Harding and Lyman counties in South Dakota and Keya Paha, Rock, and Wheeler 
counties in Nebraska.  None of the counties in Kansas were classified as low-income.  In the proposed 
Gulf Coast Segment, only Coal County, Oklahoma had a meaningfully greater low-income population.  
None of the other 27 counties in the proposed Gulf Coast Segment met the meaningfully greater criteria 
of 22.1 percent in Oklahoma or 23.1 percent in Texas.  The 3 counties along the proposed Houston 
Lateral also did not have low-income populations.   

Population within Census Block Groups 

Populations within census block groups meeting either of the absolute 50 percent or 150 percent 
meaningfully greater criteria are described in this section.  Of the 287 census block groups assessed along 
the proposed Project analysis corridor, 48 contained low-income populations.  Tables 3.10.1-12 and 
3.10.1-13 and Figures 3.10.1-1 through 3.10.1-6 identify these low-income populations within census 
block groups. 
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50 Percent Criterion 

Only 1 low-income population within census block groups along the 4-mile-wide analysis corridor 
exceeded the 50 percent criterion.  This population also exceeded the 150-percent criterion as described in 
the following section.  The population was located in Ziebach County, South Dakota on part of the 
Cheyenne River Indian Reservation. 

Meaningfully Greater Criterion 

A total of 48 populations within individual census block groups along the 4-mile-wide analysis corridor 
had 150 percent more than the percentage of low-income individuals for each corresponding state.  Table 
3.10.1-13 indicates that of these 48 low-income populations, 18 were located along the Steele City 
Segment, 1 was at the pump stations in Kansas, 26 were along the Gulf Coast Segment, and 4 were along 
the Houston Lateral.  One low-income population was identified in Liberty County, Texas for both the 
Gulf Coast Segment and the Houston Lateral.  

For Montana, 1 low-income population was in each for Phillips, Valley, and Prairie counties.  Of the 9 
low-income populations in South Dakota, 1 was in each of Harding, Perkins, Ziebach, and Gregory 
counties; and 5 were in Tripp County surrounding Winner.  Tripp County had the most low-income 
populations identified in any state affected by the proposed Project.  Nebraska contained 6 low-income 
populations, 1 was in each of Keya Paha, Rock, Wheeler, and Nance counties; and 2 were in Holt County.   

At the proposed Pump Station 29 in Kansas, 1 low-income population was identified near Clay Center.   

In the Gulf Coast Segment, of the 14 low-income populations in Oklahoma, 1 was in each of Payne, 
Seminole, Pontotoc, and Coal counties; 2 were in each of Lincoln and Bryan counties; and 3 were in each 
of Okfuskee and Hughes counties.  The Gulf Coast Segment in Texas contained 12 low-income 
populations, 1 was in each of Lamar, Hopkins, Wood, Rusk, Cherokee, Nacogdoches, Angelina, Polk, 
Hardin, and Jefferson counties; and 2 were in Liberty County.   

For the Houston Lateral in Texas, 3 low-income populations were in Liberty County and 1 was in Harris 
County. 
 



 

TABLE 3.10.1-12 
Number of Minority and Low-Income Populations Exceeding 50% within Census Block Groups by County  

in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Steele City Segment 

Montana 

Phillips 1 0 0 0 0 0 0 0 0 0 0 

Valley 6 0 1 0 1 0 0 0 0 0 1 

McCone 3 0 0 0 0 0 0 0 0 0 0 

Dawson 2 0 0 0 0 0 0 0 0 0 0 

Prairie 1 0 0 0 0 0 0 0 0 0 0 

Fallon 3 0 0 0 0 0 0 0 0 0 0 

Carter 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
Montana 17 0 1 0 1 0 0 0 0 0 1 

South Dakota 

Harding 2 0 0 0 0 0 0 0 0 0 0 

Butte 1 0 0 0 0 0 0 0 0 0 0 

Perkins 1 0 0 0 0 0 0 0 0 0 0 

Meade 2 0 0 0 0 0 0 0 0 0 0 

Ziebach 1 1 1 0 1 0 0 0 0 0 1 

Pennington 1 0 0 0 0 0 0 0 0 0 0 

Haakon 2 0 0 0 0 0 0 0 0 0 0 

Jones 1 0 0 0 0 0 0 0 0 0 0 

Lyman 1 0 0 0 0 0 0 0 0 0 0 
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TABLE 3.10.1-12 
Number of Minority and Low-Income Populations Exceeding 50% within Census Block Groups by County  

in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Tripp 8 0 0 0 0 0 0 0 0 0 0 

Gregory 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
South 
Dakota 

21 1 1 0 1 0 0 0 0 0 1 

Nebraska 

Keya Paha 1 0 0 0 0 0 0 0 0 0 0 

Rock 1 0 0 0 0 0 0 0 0 0 0 

Holt 2 0 0 0 0 0 0 0 0 0 0 

Garfield 1 0 0 0 0 0 0 0 0 0 0 

Wheeler 1 0 0 0 0 0 0 0 0 0 0 

Greeley 2 0 0 0 0 0 0 0 0 0 0 

Boone 2 0 0 0 0 0 0 0 0 0 0 

Nance 1 0 0 0 0 0 0 0 0 0 0 

Merrick 2 0 0 0 0 0 0 0 0 0 0 

Hamilton 1 0 0 0 0 0 0 0 0 0 0 

Polk 1 0 0 0 0 0 0 0 0 0 0 

York 3 0 0 0 0 0 0 0 0 0 0 

Fillmore 2 0 0 0 0 0 0 0 0 0 0 

Saline 2 0 0 0 0 0 0 0 0 0 0 

Jefferson 3 0 0 0 0 0 0 0 0 0 0 

Subtotal 
Nebraska 25 0 0 0 0 0 0 0 0 0 0 
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TABLE 3.10.1-12 
Number of Minority and Low-Income Populations Exceeding 50% within Census Block Groups by County  

in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

New Pump Stations – Kansas 

Clay 4 0 0 0 0 0 0 0 0 0 0 

Butler 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
Kansas 5 0 0 0 0 0 0 0 0 0 0 

Gulf Coast Segment 

Oklahoma 

Payne 2 0 0 0 0 0 0 0 0 0 0 
Creek 2 0 0 0 0 0 0 0 0 0 0 
Lincoln 6 (1)a 0 0 0 0 0 0 0 0 0 0 

Okfuskee 5 0 2 1 0 0 0 0 1 0 2 
Seminole 5 0 0 0 0 0 0 0 0 0 0 
Hughes 9 0 0 0 0 0 0 0 0 0 0 
Pontotoc 3 0 0 0 0 0 0 0 0 0 0 

Coal 3 0 0 0 0 0 0 0 0 0 0 
Atoka 6 0 0 0 0 0 0 0 0 0 0 
Bryan 3 0 0 0 0 0 0 0 0 0 0 

Choctaw 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
Oklahoma 45 (1)a 0 2 1 0 0 0 0 1 0 2 
Texas 

Fannin 2 0 0 0 0 0 0 0 0 0 0 
Lamar 6 0 0 0 0 0 0 0 0 0 0 
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TABLE 3.10.1-12 
Number of Minority and Low-Income Populations Exceeding 50% within Census Block Groups by County  

in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Delta 1 0 0 0 0 0 0 0 0 0 0 
Hopkins 5 0 0 0 0 0 0 0 0 0 0 
Franklin 3 0 0 0 0 0 0 0 0 0 0 
Wood 8 0 1 1 0 0 0 0 0 0 1 

Upshur 6 0 0 0 0 0 0 0 0 0 0 
Smith 12 0 2 2 0 0 0 0 0 0 2 
Rusk 4 0 1 0 0 0 0 0 1 0 1 

Cherokee 5 0 0 0 0 0 0 0 0 0 0 
Nacogdoches 5 0 0 0 0 0 0 0 0 0 0 

Angelina 11 (1)a 0 2 1 0 0 0 0 0 1 2 
Trinity 2 0 0 0 0 0 0 0 0 0 0 
Polk 9 0 0 0 0 0 0 0 0 0 0 

Hardin 5 0 0 0 0 0 0 0 0 0 0 
Jefferson 43 (14)a 0 7 5 0 0 0 0 2 0 7 
Orange 1 0 0 0 0 0 0 0 0 0 0 

Subtotal 
Texas - Gulf 
Coast 
Segment 

135 (15)a 0 13 9 0 0 0 0 3 1 13 

Houston Lateral 

Liberty 17 0 2 2 0 0 0 0 0 0 2 

Chambers 2 0 0 0 0 0 0 0 0 0 0 

Harris 24 0 6 2 0 0 0 0 4 0 6 
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TABLE 3.10.1-12 
Number of Minority and Low-Income Populations Exceeding 50% within Census Block Groups by County  

in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Subtotal 
Texas - 
Houston 
Latera) 

43 (2)a 0 8 4 0 0 0 0 4 0 8 

Subtotal 
Texasb 174 (17)a 0 21 13 0 0 0 0 7 1 21 

Project Total 287 (18)a 1 25 14 2 0 0 0 8 1 25 

a Numbers in parentheses indicate number of census block groups fully contained within the 4-mile-wide analysis area.   
b Four census block groups in Liberty County (CT 7006 BG 3, CT 7007 BG 1, CT 7013 BG 1, BG 3) affected by both the Gulf Coast Segment and Houston Lateral were only counted 
once in the Texas subtotal.  
Sources:  U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race. Washington, D.C. 
U.S. Census Bureau.  2002.  Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C. 
See http://factfinder.census.gov/home 

 

 

 

 

 

 

 



 

TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Steele City Segment 

Montana 

Phillips 1 1 0 0 0 0 0 0 0 0 0 

Valley 6 1 4 1 2 0 2 1 1 0 7 

McCone 3 0 2 1 0 0 0 1 0 0 2 

Dawson 2 0 0 0 0 0 0 0 0 0 0 

Prairie 1 1 0 0 0 0 0 0 0 0 0 

Fallon 3 0 1 1 0 0 0 0 0 0 1 

Carter 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
Montana 17 3 7 3 2 0 2 2 1 0 10 

Montana 
Exceedance 
Criteriaa 

- 21.9% - 0.5% 9.3% 0.9% 0.9% 2.6% 14.2% 3.0% - 

South Dakota 

Harding 2 1 1 1 0 0 0 0 0 0 1 

Butte 1 0 0 0 0 0 0 0 0 0 0 

Perkins 1 1 0 0 0 0 0 0 0 0 0 

Meade 2 0 0 0 0 0 0 0 0 0 0 

Ziebach 1 1 1 0 1 0 0 0 1 0 2 

Pennington 1 0 0 0 0 0 0 0 0 0 0 

Haakon 2 0 1 0 0 1 0 0 0 0 1 

Jones 1 0 1 0 0 0 0 1 0 0 1 
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TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Lyman 1 0 1 0 0 0 0 1 0 0 1 

Tripp 8 5 4 0 2 1 0 3 0 1 7 

Gregory 1 1 0 0 0 0 0 0 0 0 0 
Subtotal 
South 
Dakota 

21 9 9 1 3 2 0 5 1 1 13 

South Dakota 
Exceedance 
Criteriaa 

- 19.8% - 0.9% 12.5% 0.9% 0.8% 2.0% 17.0% 2.1% - 

Nebraska 

Keya Paha 1 1 0 0 0 0 0 0 0 0 0 

Rock 1 1 0 0 0 0 0 0 0 0 0 

Holt 2 2 0 0 0 0 0 0 0 0 0 

Garfield 1 0 0 0 0 0 0 0 0 0 0 

Wheeler 1 1 0 0 0 0 0 0 0 0 0 

Greeley 2 0 0 0 0 0 0 0 0 0 0 

Boone 2 0 0 0 0 0 0 0 0 0 0 

Nance 1 1 0 0 0 0 0 0 0 0 0 

Merrick 2 0 0 0 0 0 0 0 0 0 0 

Hamilton 1 0 0 0 0 0 0 0 0 0 0 

Polk 1 0 0 0 0 0 0 0 0 0 0 

York 3 0 0 0 0 0 0 0 0 0 0 

Fillmore 2 0 0 0 0 0 0 0 0 0 0 
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TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Total 
Number of 

Minority 
Populations 

Hispanic 
or Latino 

0 0 0 0 0 0 Saline 2 0 0 0 0 

Jefferson 3 0 1 0 0 0 0 1 0 0 1 
Subtotal 
Nebraska 25 6 1 0 0 0 0 1 0 0 1 

Nebraska 
Exceedance 
Criteriaa 

- 14.6% - 6.0% 1.4% 1.9% 4.2% 2.1% 15.6% 8.25% - 

New Pump Stations – Kansas 

Clay 4 1 0 0 0 0 0 0 0 0 0 

Butler 1 0 0 0 0 0 0 0 0 0 0 
Subtotal 
Kansas 5 1 0 0 0 0 0 0 0 0 0 

Kansas 
Exceedance 
Criteriaa 

- 14.9% - 8.6% 1.4% 2.6% 5.2% 3.2% 20.8% 10.5% - 

Gulf Coast Segment 

Oklahoma 

Payne 2 1 1 1 0 0 0 0 0 0 1 

Creek 2 0 0 0 0 0 0 0 0 0 0 

Lincoln 6 (1)b 2(1)b 1 1 0 1 0 0 0 0 2 

Okfuskee 5 3 4 2 2 0 0 0 1 0 5 

Seminole 5 1 4 1 4 0 0 1 0 0 6 

Hughes 9 3 8 1 6 0 0 3 0 0 10 

Pontotoc 3 1 3 0 3 0 0 1 0 0 4 
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TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Total 
Number of 

Minority 
Populations 

Hispanic 
or Latino 

Coal 3 1 3 0 3 0 0 0 0 0 3 

Atoka 6 0 4 1 4 0 0 1 0 0 6 

Bryan 3 2 3 0 2 0 1 0 0 0 3 

Choctaw 1 0 1 0 1 0 0 0 0 0 1 
Subtotal 
Oklahoma 45 (1)b 14 (1)b 32 7 25 1 1 6 1 0 41 

Oklahoma 
Exceedance 
Criteriaa 

- 22.1% - 11.4% 11.9% 2.0% 3.6% 7.0% 35.6% 7.8% - 

Texas 

Fannin 2 0 0 0 0 0 0 0 0 0 0 

Lamar 6 1 3 1 2 0 0 1 0 0 4 

Delta 1 0 1 0 1 0 0 0 0 0 1 

Hopkins 5 1 2 0 2 0 0 0 0 0 2 

Franklin 3 0 1 0 1 0 0 0 0 0 1 

Wood 8 1 3 2 0 0 0 1 0 0 3 

Upshur 6 0 1 0 1 0 0 0 0 0 1 

Smith 12 0 8 8 1 0 0 0 0 0 9 

Rusk 4 1 4 3 1 0 0 0 0 0 4 

Cherokee 5 1 1 1 0 0 0 0 0 0 1 

Nacogdoches 5 1 1 0 1 0 0 0 0 0 1 

Angelina 11 (1)b 1 (1)b 7 (1)b 1 1 0 3 2 0 1 8 

Trinity 2 0 1 1 0 0 0 0 0 0 1 
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TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Total 
Number of 

Minority 
Populations 

Hispanic 
or Latino 

Polk 9 1 5 1 2 0 1 1 0 0 5 

San Jacinto 1 0 0 0 0 0 0 0 0 0 0 

Liberty 6 2 3 1 2 0 0 1 0 0 4 

Hardin 5 1 1 0 1 0 0 0 0 0 1 

Jefferson 43 (14)b 1 21 (7)b 12 10 4 0 4 0 0 30 

Orange 1 0 1 0 1 0 0 0 0 0 1 
Subtotal 
Texas - Gulf 
Coast 
Segment 

135 (15)b 12 (1)b 64 (8)b 31 27 4 4 10 0 1 77 

Texas 
Exceedance 
Criteriaa 

- 23.1% - 17.3% 0.9% 4.2% 17.6% 3.8% 43.7% 48.0% - 

Houston Lateral 

Liberty 17 3 8 6 1 0 0 4 0 0 11 

Chambers 2 0 0 0 0 0 0 0 0 0 0 

Harris 24 1 16 (1)b 9 3 3 8 6 0 1 30 
Subtotal 
Texas - 
Houston 
Latera) 

43 (2)b 4  24 (1)b 15 4 3 8 10 0 1 41 

Texas 
Exceedance 
Criteriaa 

- 23.1% - 17.3% 0.9% 4.2% 17.6% 3.8% 43.7% 48.0% - 

Subtotal 
Texasc 174 (17)b 15 (1)b 87 (9)b 45 31 7 12 19 0 2 116 

 



 

 

 
3-53 

 

S
upplem

ental D
raft E

IS
 

 
K

eystone X
L P

roject 

TABLE 3.10.1-13 
Minority and Low-Income (Environmental Justice) Populations Exceeding 150% of State Levels 

within Census Block Groups by County in 4-Mile-Wide Analysis Area 
Minority Populations 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census 
Block 

Groups 
Containing 

Low-
Income 

Populations 

Census 
Block 

Groups 
Containing 

One or 
More 

Minority 
Populations

African 
American 

Native 
American 

or Alaskan 
Native 

Asian or 
Pacific 

Islander Other 

Two or 
More 

Races 

Aggregate 
(Total) of 

Racial 
Minorities 

Hispanic 
or Latino 

Total 
Number of 

Minority 
Populations 

Project Total 287 (18)b 48 (2)b 136 (9)b 56 61 10 15 33 3 3 181 

a State-wide exceedance criteria percentages are 1.5 times the actual Environmental Justice group population percentages for each state.  
b Numbers in parentheses indicate number of census block groups fully contained within the 4-mile-wide analysis area.   
c Four census block groups in Liberty County (CT 7006 BG 3, CT 7007 BG 1, CT 7013 BG 1, BG 3) affected by both the Gulf Coast Segment and Houston Lateral were only counted 
once in the Texas subtotal. 
Sources:  U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race. Washington, D.C. 
U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C. 
See http://factfinder.census.gov/home.



 

3.10.1.2 Potential Impacts 

This was Section 3.10.2 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov 

Construction Impacts 

This was Section 3.10.2.3 in the draft EIS.  Except for the subsection on environmental justice, there have 
been no substantive changes to this section and therefore it is not included in the SDEIS.  The draft EIS 
subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

Environmental Justice 

As described in Section 3.10.1.1, portions of the proposed pipeline and proposed pump stations are in 
areas with minority and low-income populations.  Populations of concern from an environmental justice 
perspective were assessed at both a county and census block group level.   

Minority and Low‐Income Populations within Counties  

The proposed Project would not cross within 2 miles of counties that had greater than 50 percent of the 
state-wide average for minority or low-income populations at the time of census data collection.  
However, 22 of the 59 counties (37 percent) were identified as having a meaningfully greater minority 
population than the state-wide average and 6 counties (10 percent) were identified as having a 
meaningfully greater low-income population than the state-wide average.   

Table 3.10.1-16 provides a list of the counties within the proposed Project area and specifies:  

• Whether a pipe yard (PY), a construction camp (CY), a contractors camp (CC), or a railroad 
siding facility (RRS/PY) is planned to be located within that county;  

• Whether there is at least one minority population meaningfully greater than the overall state 
minority population in that county; and  

• Whether the number of low-income individuals in that county is meaningfully greater than the 
state average.   

These types of facilities are planned in 33 counties within the proposed Project area and 13 of those 
counties (39 percent) have one or more environmental justice percentages meaningfully greater than the 
state-wide averages.  

These data suggest that potential impacts to minority and low-income populations during construction 
within counties crossed by the proposed Project corridor would be minor and would not 
disproportionately affect these populations when considered at the county population level.  
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TABLE 3.10.1-16 
Location of Construction Facilities Relative to County Environmental Justice Statistics 

Statistic Meaningfully Greater than 
Respective State (2000) 

County Construction Facilitya Minority Population Low-Income 

Steele City Segment 

Montana 

Phillips PY No No 

Valley 2 PY, 1 CY, 1 CC Yes No 

McCone 2 PY, 1 CY Yes No 

Dawson 2 PY, 1 CY No No 

Prairie No No No 

Fallon 2 PY, 1 CC No No 

South Dakota 

Hardin 3 PY, 1 CY No Yes 

Butte No Yes No 

Perkins No No No 

Meade 2 PY, 1 CY, 1 CC Yes No 

Pennington No Yes No 

Haakon 2 PY, 1 CY No No 

Jones 2 PY, 1 CY Yes No 

Lyman No Yes Yes 

Tripp 2 PY, 1 CY, 1 CC No No 

Nebraska 

Keya Paha 1 PY No Yes 

Rock No Yes Yes 

Holt 2 PY, 2 CY No No 

Garfield No No No 

Wheeler No No Yes 

Greeley 1 PY, 1 CY No No 

Boone No No No 

Nance 1 PY No No 

Merrick 1 CY No No 
Hamilton 1 PY No No 

York 1 CY No No 

Fillmore 1 PY No No 

Saline No No No 

Jefferson 1 PY, 1 CY No No 

New Cushing Extension Pump Stations 

Kansas 

Clay No No No 
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TABLE 3.10.1-16 
Location of Construction Facilities Relative to County Environmental Justice Statistics 

Statistic Meaningfully Greater than 
Respective State (2000) 

County Construction Facilitya Minority Population Low-Income 

Butler No No No 

Gulf Coast Segment 

Oklahoma 

Payne No Yes No 

Creek No No No 

Lincoln 1 PY, 1 CY No No 

Okfuskee No Yes No 

Seminole No Yes No 

Hughes 1 PY, 1 CY, 1 PY/RS Yes No 

Pontotoc No Yes No 

Coal No Yes Yes 

Atoka No No No 

Bryan 1 PY, 1 CY Yes No 

Texas 

Fannin 1 PY/RS Yes No 

Lamar 1 PY, 1 CY, 1 RS, 1 PY/CY Yes No 

Delta No No No 

Hopkins No No No 

Franklin 1 RS No No 

Wood No No No 

Upshur No No No 

Smith No Yes No 

Rusk 1 CY Yes No 

Cherokee 1 CY No No 

Nacogdoches 1 CY No No 

Angelina 1 CY, 1 RS, 1 PY/CY No No 

Polk 2 PY Yes No 

Liberty 1 CY No No 

Hardin 1 RS No No 

Jefferson 1 PY Yes No 

Houston Lateral 

Liberty 1 CY No No 

Chambers No No No 

Harris No Yes No 

a Abbreviations: Pipe Yard (PY), Construction Camp (CC) and Contractor Yards (CY) Railroad Siding and or a Pipe Yard (RRS/PY). 
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Minority and Low‐Income Populations within Census Block Groups 

A total of 287 census block groups were assessed along the 4-mile-wide analysis corridor.  Within these 
census block groups, 181 minority populations that were meaningfully greater than the state-wide average 
were identified, and 48 low-income populations that were meaningfully greater than the state-wide 
average were also identified.  Of the 287 total census block groups occurring along the proposed Project 
corridor, 129 census block groups had no exceedances for any minority or low-income populations.  Of 
the 158 census block groups that did show exceedances, 136 showed exceedances for one or more 
minority populations, 22 showed exceedances for only low-income populations, and 26 showed 
exceedances for 1 or more minority populations along with a low-income population.  

These data suggest that potential impacts to the minority and low-income populations identified in this 
assessment within the 4-mile wide analysis area could occur.  The analysis of minority and low-income 
populations along the proposed Project corridor, as previously stated, is inherently conservative since 269 
of the census block groups analyzed were only partially within the analysis area and it is therefore likely 
that the percentages of minority and low-income populations that actually occur within the 4-mile-wide 
analysis area are less than the percentages derived from the analysis.  Only 18 of the census block groups 
analyzed fall entirely within the 4-mile-wide analysis area.  These 18 census block groups occur for the 
most part in Harris, Jefferson, and Angelina Counties in Texas (17 census block groups), and of these 
census block groups occurs in Lincoln County, Oklahoma.  These 18 census block groups occur within 
more populated areas along the proposed pipeline corridor.  Of these, 9 census block groups show 1 or 
more minority or low-income populations greater than the respective state-wide averages (see Table 
3.10.1-17).   

TABLE 3.10.1-17 
Census Block Groups Completely Contained within 4-Mile-Wide Analysis Area 

Total 
Number of 

Census 
Block 

Groups County, State 
Nearest City or 

Town 

Meaningfully 
Greater Minority 
Census Block 

Groups 

Meaningfully 
Greater Low-

Income 
Census Block 

Groups 

Total Number of 
Census Block 

Groups 
Containing One 

or More EJ 
Group 

Exceedance* 

1 Lincoln County, OK Stroud - Yes 1 

1 Angelina County, TX Diboll African American Yes 1 

1 Jefferson County, TX Beaumont African American - 1 

2 Jefferson County, TX Port Neches - - 0 
7 Jefferson County, TX Nederland Native American or 

Alaskan Native 
- 2 

2 Jefferson County, TX Central Gardens Native American or 
Alaskan Native 

- 1 

2 Jefferson County, TX Beaumont and 
Central Gardens 

African American; 
Native American or 

Alaskan Native; Two 
or More Races 

- 2 

1 Harris County, TX Channelview African American; 
Other 

- 1 

1 Harris County, TX Highlands - - 0 

18     9 

* Exceedance criteria are 1.5 times the actual environmental justice (EJ) minority or low-income group population for each state.  
Sources:  U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race. 
U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  See 
http://factfinder.census.gov/home. 

3-57 
Supplemental Draft EIS  Keystone XL Project 



 

3-58 
Supplemental Draft EIS  Keystone XL Project 

Impacts to minority and low-income populations during construction would include exposure to 
construction dust and noise, potential disruption to traffic patterns, and increased competition for social 
services in underserved populations.  Construction dust and noise would be restricted to working hours 
during the construction period along each segment of the proposed Project route and impacts would 
diminish once construction activities end.  At any given location along the proposed pipeline route, the 
duration of the construction period would typically range between 20 and 30 working days.   

To assess the potential impact on minority and low-income populations in areas that could be underserved 
by health professionals, available medical facilities, or other health services, the minority and low-income 
populations identified in this analysis were compared to locations along the proposed Project corridor that 
are listed on the Health and Human Services (HHS) Health Resource Services Administration (HRSA) 
website.  Areas designated as Health Professional Shortage Areas (HPSA) and Medically Underserved 
Areas/Populations (MUA/P) in counties that contain census block groups with one or more minority 
and/or low-income population identified in this assessment are presented Table 3.10.1-18 and Figures 
3.10.1-7 through 3.10-1-13.  

Based on these data, any additional disruptions to medical service availability in areas with minority or 
low-income populations that are designated as either HPSA and/or MUA/P areas could lead to short-term 
impacts to these populations during the construction period.  However, in areas in Montana and South 
Dakota where construction camps would be provided, minor medical needs of workers would be handled 
in these camps, thus reducing the potential need for medical services from the surrounding communities.  
In any case, given the transient nature of the workforce, the impact of increased demand for medical 
services on local minority and low-income populations would be minor and short-term. 

It is expected that there would be no impact to medical service availability in areas with minority or low-
income populations that are designated as either HPSA and/or MUA/P areas during normal operation of 
the proposed Project due to the very small number of permanent employees along the proposed Project 
alignment.  Potential impacts to minority and low-income populations resulting from an accidental release 
of crude oil from the proposed Project are addressed in Section 3.13.6.7.



 

TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
Steele City Segment 
Montana 

Phillips 1 1 Eastern Montana County Phillips Service Area County 

Valley 6 4 Eastern Montana County Valley Service Area County 

McCone 3 2 Eastern Montana County McCone Service 
Area County 

Dawson 2 0 NA* NA NA NA 

Prairie 1 1 Eastern Montana County Miles City Service 
Area County 

Fallon 3 1 - - - - 

Carter 1 0 NA NA NA NA 

Subtotal 
Montana 17 9 4 - 4 - 

South Dakota 
Harding 2 2 Harding County Harding Service Area County 

Butte 1 0 NA NA NA NA 

Perkins 1 1 Catchment Area 8 County Perkins Service Area County 

Meade 2 0 NA NA NA NA 

Ziebach 1 1 - - - - 

Pennington 1 0 NA NA NA NA 

Haakon 2 1 Catchment Area 2 County West Haakon Service 
Area 

Minor Civil 
Division 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

   
Philip Clinic 

503 W. Pine St. 
Philip, SD 57567  

Rural Health 
Center - - 

Jones 1 1 Catchment Area 2 County Jones Service Area County 

Lyman 1 1 Catchment Area 2 County Lyman Service Area County 

   
Lower Brule Sioux Tribe Clinic 

601 Gall St. 
Lower Brule, SD 57548 

Indian 
Reservation - - 

Tripp 8 7 Catchment Area 10 County Tripp Service Area County 

Gregory 1 1 Catchment Area 10  County Gregory Service Area County 

Subtotal South 
Dakota 21 15 9 - 7 - 

Nebraska 

Keya Paha 1 1 Catchment Area 4 County Keya Paha Service 
Area County 

Rock 1 1 Catchment Area 4 County Rock Service Area County 

   
Greater Sandhills Family Healthcare 

101 E. South St. 
Bassett, NE 68714 

Rural Health 
Center - - 

Holt 2 2 Catchment Area 4 County Holt Service Area County 

   
West Holt Medical Clinic 

405 W. Pearl St. 
Atkinson, NE 68713 

Rural Health 
Center - - 

   
Greater Sandhills Family Healthcare 

418 E. 5th St. 
Atkinson, NE 68713 

Rural Health 
Center - - 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
   Greater Sandhills Family Healthcare Rural Health 

Center - - 

    110 W. 2nd St. 
Stuart, NE 68780    

   
Avera Family Medicine 

403 E. Hynes Ave. 
O'Neill, NE 68763 

Rural Health 
Center - - 

   
Avera Holt County Medicine Clinic 

555 E. John St. 
O'Neill, NE 68763 

Rural Health 
Center - - 

Garfield 1 0 NA NA NA NA 

Wheeler 1 1 Catchment Area 3 County Wheeler Service 
Area County 

Greeley 2 0 NA NA NA NA 

Boone 2 0 NA NA NA NA 

Nance 1 1 Catchment Area 4 County Genoa Service Area County 

   
Lone Tree Medical Associates 

901 Broadway St. 
Fullerton, NE 68638 

Rural Health 
Center - - 

   
Park Street Medical Clinic 

505 S. Park St. 
Genoa, NE 68640 

Rural Health 
Center - - 

Merrick 2 0 NA NA NA NA 

Hamilton 1 0 NA NA NA NA 

Polk 1 0 NA NA NA NA 

York 3 0 NA NA NA NA 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
Fillmore 2 0 NA NA NA NA 

Saline 2 0 NA NA NA NA 

Jefferson 3 1 - - - - 

Subtotal 
Nebraska 25 7 13 - 5 - 

New Pump Stations – Kansas 

Clay 4 1 Mental Health Area 14 County Low Income - Clay 
Countyd County 

   
Clay Center Family Physicians 

609 Liberty St. 
Clay Center, KS 67432 

Rural Health 
Center - - 

Butler 1 0 NA NA NA NA 

Subtotal Kansas 5 1 2 - 1 - 

Gulf Coast Segment 
Oklahoma 

Payne 2 1 Catchment Area 11 County - - 

   

Iowa Tribe of Oklahoma: Perkins 
Family Clinic 

335588 E. 750 Rd. 
Perkins, OK 74059 

Native American 
Tribal Population - - 

Creek 2 0 NA NA NA NA 

Lincoln 6 (1)f 2 (1)f 
Black Hawk Health Center 

356110 East 930 Rd. 
Stroud, Ok 74079 

Native American 
Tribal Population Lincoln Service Area County 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
Okfuskee 5 4 Low Income Catchment Area 13 County Okfuskee Service 

Area County 

       

   
Okemah Indian Health Center 

309 N. 14th St. 
Okemah, OK 74859 

Native American 
Tribal Population - - 

Seminole 5 4 Catchment Area 7 County Seminole Service 
Area County 

   

Central Oklahoma Family Medical 
Center 

527 W. 3rd St. 
Konawa, OK 74849 

Comprehensive 
Health Center - - 

   

Seminal Nation of Oklahoma –  
Wewoka Indian Health Clinic 
S. Hwy. 56 & U.S. Hwy. 270 

Junction 
Wewoka, OK 74884 

Native American 
Tribal Population - - 

Hughes 9 8 Catchment Area 6 County Hughes Service Area County 

   

East Central Oklahoma Family 
Health Center 

401 S. Washita St. 
Wetumka, OK 74883 

Comprehensive 
Health Center - - 

Pontotoc 3 3 Catchment Area 7 County Pontotoc Northeast 
Service Area 

Minor Civil 
Division 

   - - Pontotoc Northwest 
Service Area 

Minor Civil 
Division 

   - - Pontotoc Southwest 
Service Area 

Minor Civil 
Division 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
       

   
Carl Albert Indian Hospital 
1001 N. Country Club Rd. 

Ada, OK 74820 

Indian Health 
Service Facility - - 

Coal 3 3 Catchment Area 6 County Coal Service Area County 

Atoka 6 4 Catchment Area 6 County Atoka Service Area County 

   
ABC Medical Clinic 

1508 S. Virginia Ave. 
Atoka, OK, 74525 

Rural Health 
Center - - 

   
Mack Alford Correctional Center 

1151 N. U.S. Hwy. 69 
Stringtown, OK 74569 

Correctional 
Facility - - 

Bryan 3 3 Catchment Area 7 County   

   

Choctaw Nation of Oklahoma -
Durant Family Medicine Clinic 

1600 W. University Blvd. 
Durant, OK 74701 

Native American 
Tribal Population - - 

   

Choctaw Nation of Oklahoma - 
Durant Health Center 

1600 N. Washington Ave. 
Durant, OK 74701 

Native American 
Tribal Population - - 

Choctaw 1 1 Catchment Area 6 County Choctaw Service 
Area County 

   
Choctaw Nation Health Clinic 

410 N. M St. 
Hugo, OK 74743 

Native American 
Tribal Population - - 

Subtotal 
Oklahoma 45 (1)f 33 (1)f 21 - 10 - 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
Texas 

Fannin 2 0 NA NA NA NA 

Lamar 6 3 - - Lamar Service Area County 

Delta 1 1 - - Delta Service Area County 

Hopkins 5 3 - - Hopkins Service Area County 

Franklin 3 1 - - Franklin Service Area County 

Wood 8 3 Wood County Wood Service Area County 

   
ETMC First Physician Health Clinic 

5875 S. Hwy. 37 
Mineola, TX 75773 

Rural Health 
Clinic - - 

Upshur 6 1 - - Upshur Service Area County 

Smith 12 8 

Community Health Clinic of 
Northeast Texas 

928 N. Glenwood Blvd. 
Tyler, TX 75702 

Comprehensive 
Health Center 

Northern Tyler 
Service Area 

CTs** 1, 2.01, 
2.02, 3, 4, 6  

   - - Troup Service Area CT 21 

   - - Smith Service Area CTs 5, 7 

Rusk 4 4 Rusk County Rusk Service Area County 

   

Mount Enterprise Community Health 
Clinic 

106 W. Rusk St. 
Mount Enterprise, TX 75681 

Federally 
Qualified Health 

Center 
- - 

Cherokee 5 2 Cherokee County South Cherokee 
County 

CTs 9508, 
9509, 9510, 

9511 
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

   
Rusk State Hospital 

1601 S. Dickinson Dr. 
Rusk, TX 75785 

State Mental 
Hospital - - 

Nacogdoches 5 2 

East Texas Community Health 
Services 

1401 S. University Dr. 
Nacogdoches, TX 75961 

Comprehensive 
Health Center 

Nacogdoches 
Service Areade County 

Angelina 11 (1)f 7 (1)f 
Duncan Prison 
1502 S. 1st St. 

Diboll, TX 75941 

Correctional 
Facility 

Huntington Division 
Service Area 

Huntington, 
Zavalia Minor 
Civil Division 

   
Lufkin State School 

6844 U.S. Hwy. 
Pollok, TX 75969 

State Mental 
Hospital - - 

Trinity 2 1 Trinity County Trinity Service Area County 

Polk 9 5 
Polunsky Prison 

3872 F.M. Rd. 350 
Livingston, TX 77351  

Correctional 
Facility Polk Service Area County 

San Jacinto 1 0 NA NA NA NA 

Liberty 6 4 
Health Center of Southeast Texas 

401 E. Crockett St. 
Cleveland, TX 77327 

Comprehensive 
Health Center Liberty Service Area County 

Hardin 5 2 Hardin County Hardin Service Area County 

Jefferson 43 (14)f 21 (7)f Gulf Coast Health Center Comprehensive  Port Arthur/Jefferson 
Service Area 

CTs 51, 53, 54, 
59, 59, 61, 62, 

63, 69, 71 

   
2548 Memorial Blvd. 

Port Arthur, TX 77640 
 

Health Center   
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

   
Federal Corrections Complex 

5830 Knauth Rd. 
Beaumont, TX 77715 

Correctional 
Facility 

Low Income - 
Jefferson Service 

Aread 

CTs 113.01, 
114, 115, 116 

   - - Low Income - Inner 
City Beaumontd 

CTs 1.03, 6, 7, 
9, 10, 16, 17, 
19, 20, 21, 22, 
23, 24, 25, 26 

Orange 1 1 - - Orange Service Area CTs 202, 203, 
208 

   - - Vidor Service Areade 

CTs 207, 214, 
215, 216, 217, 
218, 219, 220, 

222 
Subtotal Texas - 
Gulf Coast 
Segment 

135 (15)f 69 (8)f 16 - 22 - 

Houston Lateral 

Liberty 17 10 
Health Center of Southeast Texas 

401 E. Crockett St. 
Cleveland, TX 77327 

Comprehensive 
Health Center Liberty Service Area County 

Chambers 2 0 NA NA NA NA 

Harris 24 16 (1)f Third Ward Service Area CTs 3122, 3123, 
3124, 3125, 3128 Harris Service Area 

CTs 4101, 
4102, 4103, 
4104, 4105,  

      4106 

   East Central Service Area 
CTs 2108, 2109, 

2110, 2111, 
2112, 2113,  

Southern Third Ward 
Service Area 

CTs 3122, 
3123, 3124, 
3127, 3128,  
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

    

2114, 2115, 
2116, 2117, 
2118, 2119, 

2120, 2121, 2122 

 

3129, 3130, 
3132, 3133, 
3134, 3135, 
3136, 3137, 

3138 

   Casa De Amigos Catchment Area 

CTs 2103, 2104, 
2105, 2106, 
2107, 5102, 
5103, 5104, 
5105, 5106, 
5107, 5113, 
5114, 5116 

West Pasadena 

CTs 3219, 
3220, 3220, 
3223, 3224, 
3229, 3230, 
3231, 3232 

   Northeast Harris Service Area 

CTs 2201, 2208, 
2301, 2302, 
2303, 2304, 
2305, 2306, 
2307, 2308, 
2309, 2310, 
2311, 2312, 
2313, 2314, 
2315, 2316, 
2319, 2320  

South Service Area CTs 3311, 3312 

   Acres Home Service Area 

CTs 5308, 5318, 
5319, 5320, 
5326, 5327, 
5328, 5329, 
5330, 5331,  

Northeast Central 
Service Area CTs 3110, 3111 

    5332, 5333, 5334   

   Aldine Service Area CTs 2218, 2219, 
2220, 2221,  

Central Harris 
Service Area 

CTs 2102, 
2113, 2114, 

 



 

 
3-69 

 

S
upplem

ental D
raft E

IS
 

 
K

eystone X
L P

roject 

TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
5101 

    
2222, 2223, 
2229, 2230, 
2231, 2317 

  

   Low Income – Ripley Service Area 

CTs 3104, 3105, 
3106, 3108, 
3109, 3110, 
3111, 3112, 
3113, 3114, 
3115, 3116, 
3117, 3118, 
3119, 3202, 
3203, 3329 

North Forest Service 
Area 

CTs 2312, 
2313, 2314, 
2315, 2316, 
2318, 2319, 
2320, 2321, 
2322, 2323 

   South Central  Houston Service 
Area 

CTs 3308, 3311, 
3312, 3313, 
3314, 3315, 
3316, 3317, 
3318, 3319, 
3320, 3321, 
3322, 3323, 
3324, 3326, 
3327, 3328, 

East Central Houston 
Service Area 

CTs 2112, 
2115, 2116, 
2117, 2118, 
2119, 2120, 
2121, 2122 

   

Houston Healthcare for the 
Homeless 

2505 Fannin St. 
Houston, TX 77002 

Comprehensive 
Health Center Ripley Service Area 

CTs 3101, 
3103, 3104, 
3105, 3106, 
3107, 3108, 
3109, 3112, 
3113, 3114, 
3115, 3117,  
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 
      3118, 3119 

   
Harris County Hospital District 

2525 Holly Hall St. 
Houston, TX 77054 

Comprehensive 
Health Center 

South Central Harris 
County Service Area 

CTs 3308, 
3314, 3315, 
3316, 3317, 
3318, 3319, 
3320, 3321, 
3322, 3323, 
3324, 3326, 
3327, 3328 

   

South Central Houston Community 
Health Center 

8610 Martin Luther King Blvd. 
Houston, TX 77033 

Comprehensive 
Health Center 

Casa De Amigos 
Service Area 

CTs 2103, 
2104, 2105, 
2106, 2107, 
5102, 5103, 
5104, 5105, 
5106, 5107, 
5113, 5114, 

5116 

   

Spring Branch Community Health 
Center 

1615 Hillendahl Blvd. 
Houston, TX 77055 

Comprehensive 
Health Center 

Baytown Service 
Area 

CTs 2534, 
2541, 2542, 
2543, 2544, 
2545, 2546 

   
Pasadena Health Center 

524 Pasadena Blvd. 
Pasadena, TX 77506 

Comprehensive 
Health Center 

Galena Park/Jacinto 
City Service Area 

CTs 2333, 
2335, 2336, 

2337 

   
Fourth Ward Clinic 

277 W. Gray St. 
Houston, TX 77019 

Comprehensive 
Health Center 

Acres Home Service 
Area 

CTs 5308, 
5318, 5319, 
5327, 5331, 
5333, 5334 

   Legacy Community Health Systems 
215 Westheimer Rd. 

Comprehensive 
Health Center 

Settegast Service 
Area 

CTs 2201, 
2207, 2208,  
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

   Houston, TX 77006   

2209, 2301, 
2302, 2303, 
2304, 2305, 
2306, 2307, 
2308, 2309, 
2310, 2311 

   
El Centro De Corazon 
5001 Navigation Blvd. 
Houston, TX 77011 

Comprehensive 
Health Center 

Aldine Settegast 
Service Area 

CTs 2218, 
2219, 2221, 
2222, 2229, 

2317 

   
Houston Community Health Center 

424 Hahlo St. 
Houston, TX 77020 

Comprehensive 
Health Center 

North Central Service 
Area 

CTs 2217, 
2224, 2225, 
2228, 2401, 
2402, 2405 

   
Hope Clinic 

7001 Corporate Dr. 
Houston, TX 77036 

Federally 
Qualified Health 

Center 

Independence 
Heights Service Area 

CTs 2202, 
2203, 2204, 
2205, 2206, 
5303, 5304, 

5305 

   

Immigration and Customs 
Enforcement 

15850 Export Plaza Dr. 
Houston, TX 77032 

Correctional 
Facility 

Trinity Gardens 
Service Area 

CTs 2108, 
2109, 2110, 

2111 

   
Houston Area Community Services 

3730 Kirby Dr. 
Houston, TX 77098 

Comprehensive 
Health Center 

Low Income - Spring 
Branch Service Aread 

CTs 5201, 
5202, 5203, 
5204, 5205, 
5206, 5207, 
5210, 5211, 
5212, 5213, 
5214, 5215, 
5216, 5217,  
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TABLE 3.10.1-18 
Designated HPSAs and MUA/Ps with Identified Minority and/or Low-Income Populations within Census Block Groups in Affected 

Counties along the Proposed Project Corridor 

HPSAb MUA/Pcd 

County 

Total 
Number of 

Census 
Block 

Groups 
Assessed 

Census Block 
Groups 

Containing One 
or More 

Identified 
Minority and/or 

Low-Income 
Populationa  

Designation Name / Facility 
Address 

Geographic 
Area or Facility 

Type Designation Name 
Geographic 

Area 

      

5218, 5219, 
5220, 5221, 
5222, 5223, 
5224, 5401 

   
Motherland 

4040 Yale St. 
Houston, TX 77018 

Comprehensive 
Health Center 

Low Income - Alief 
Service Aread 

CTs 4330, 
4332, 4334 

   
Federal Detention Center Houston 

1200 Texas St. 
Houston, TX 77002 

Correctional 
Facility 

Poverty/Spanish 
Speaking/Immigration 

Population - 
Southwest Houstonde 

CTs 4211, 
4213, 4214, 
4215, 4216, 
4319, 4325, 
4327, 4328, 

4329 

   - - 
Governor’s Low 

Income - Southwest 
Harris Countyde 

CTs 4336, 
4532, 4533, 
4534, 4535, 
4536, 4537, 

4538 

   - - 
Low Income - 

Northwest Harris 
Countyde 

CTs 2226, 
2401, 2405, 
2406, 5501, 
5502, 5503, 
5504, 5505, 
5506, 5511, 
5532, 5533 

Subtotal Texas - 
Houston Lateral 43 (2)f 26 (1)f 23 - 25 - 

Subtotal Texasg 174 (17)f 93 (9)f 38 - 46 - 

Project Total 287 (18)f 158a (10)f 87 - 73 - 
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*NA = Not Applicable 
**CT = Census Tract 
a Of the 158 census block groups that did show state-wide exceedances for minority and/or low-income populations, 136 showed exceedances for one or more minority populations, 
22 showed exceedances for only low-income populations, and 26 showed exceedances for one or more minority populations along with a low-income population. 
b Health Professional Shortage Areas (HPSAs) were assessed in counties where minority and/or low-income populations were identified. HPSAs may be designated as having a 
shortage of primary medical care, dental or mental health providers. They may be urban or rural areas, population groups, medical facilities or other public facilities. Addresses are 
listed for medical and other public facilities. See Figures 3.10.1-7 through 3.10.1-13 for locations of HPSA areas. 
c Medically Underserved Areas/Populations (MUA/Ps) were assessed in counties where minority and/or low-income populations were identified. MUAs may be a whole county or a 
group of contiguous counties, a group of county or civil divisions or a group of urban census tracts in which residents have a shortage of personal health services. MUPs may include 
groups of persons who face economic, cultural or linguistic barriers to health care. See Figures 3.10.1-7 through 3.10.1-13 for locations of MUA/P areas. 
d Medically Underserved Population (MUP) designation. 
e MUP designated at request of State Governor based on documented unusual local conditions and barriers to assessing personal health services. 
f Numbers in parentheses indicate number of census block groups fully contained within the 4-mile-wide analysis area.   
g Four census block groups in Liberty County (CT 7006 BG 3, CT 7007 BG 1, CT 7013 BG 1, BG 3) affected by both the Gulf Coast Segment and Houston Lateral were only counted 
once in the Texas subtotal. Liberty County was only counted once for HPSAs and MUA/Ps. 
 
Sources:  U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P6 – Race.  Table P7 – Hispanic or Latino by Race. Washington, D.C. 
U.S. Census Bureau.  2002. Census Block Group SF3: 2000.  Table P87 – Poverty Status in 1999 by Age.  Washington, D.C. 
See http://factfinder.census.gov/home. 
U.S. Department of Health and Human Services. Health Resources and Services Administration. HPSAs and MUA/Ps data warehouse. 
See http://datawarehouse.hrsa.gov/datadownload.aspx. 
 



 

Operations Impacts 

This section was originally 3.10.2.2 in the draft EIS.  There have been no substantive changes to this 
section and therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

3.10.2 Public Services, Tax Revenues, and Property Values 

This section was presented in subsections 3.10.1.5, 3.10.1.6, and 3.10.2.2 in the draft EIS.  There have 
been no substantive changes to this section and therefore it is not included in the SDEIS.  The draft EIS 
subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.10.3 Traffic and Transportation 

This was Section 3.10.1.8 in the draft EIS.  There have been no substantive changes to this section and 
therefore it is not included in the SDEIS.  The draft EIS subsection can be downloaded at 
www.keystonepipeline-xl.state.gov. 

3.10.4 Connected Actions 

There have been no changes to the environmental assessment for electrical distribution lines and 
substations or the Big Bend to Witten 230-kV transmission line (formerly the Lower Brule to Witten 230-
kV transmission line).  The draft EIS subsection can be downloaded at www.keystonepipeline-
xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 
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AHD.  See American Hospital Directory. 

American Hospital Directory (AHD).  2006.  Information on Hospital Facilities in the Project Area.  
Website:  http://www.ahd.com.   

Blinder, C.  1979.  The Effect of High Voltage Overhead Transmission Lines on Residential Property 
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3.10.1-9 Environmental Justice - HPSA and MUA Locations  (Nebraska)  
 
3.10.1-10  Environmental Justice - HPSA and MUP Locations (Kansas)  
 
3.10.1-11  Environmental Justice - HPSA and MUA Locations (Oklahoma)  
 
3.10.1-12  Environmental Justice - HPSA and MUA Locations (Texas)  
 
3.10.1-13  Environmental Justice - HPSA and MUA/P Locations (Harris County, Texas)  



 

3.11 CULTURAL RESOURCES 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line).  However, as a result of 
a request for financing from BEPC to the RUS, compliance with Section 106 of the NHPA will be the 
responsibility of the RUS as lead federal agency.  Potential impacts associated with the Bakken 
Marketlink Project and the Cushing Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.12 AIR QUALITY AND NOISE 

This section provides supplemental information on regulatory requirements for greenhouse gas (GHG) 
that were enacted after the draft EIS was issued.  Information on the cumulative impacts of GHG and on 
climate change is presented in Section 3.14.3.14. 

3.12.1 Air Quality  

3.12.1.1 Environmental Setting 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.12.1.2 Regulatory Requirements  

Greenhouse Gas Regulatory Requirements 

On October 30, 2009, the EPA promulgated the first comprehensive national system for reporting 
emissions of carbon dioxide (CO2) and other GHG produced by major sources in the United States.  
Through this new reporting, EPA will have comprehensive and accurate data about the production of 
GHG in order to confront climate change.  Approximately 13,000 facilities, accounting for about 85 to 90 
percent of industrial GHG emitted in the United States are covered under the rule.  The new reporting 
requirements apply to suppliers of fossil fuel and industrial chemicals, manufacturers of certain motor 
vehicles and engines (not including light and medium duty on-road vehicles), as well as large direct 
emitters of GHG with emissions equal to or greater than a threshold of 25,000 metric tpy.  This threshold 
is equivalent to the annual GHG emissions from just over 4,500 passenger vehicles.  The direct emission 
sources covered under the reporting requirement include energy intensive sectors such as cement 
production, iron and steel production, electricity generation, and oil refineries, among others.  The gases 
covered by the rule are CO2, methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC), 
perfluorocarbons (PFC), sulfur hexafluoride (SF6), and other fluorinated gases, including nitrogen 
trifluoride (NF3) and hydrofluorinated ethers (HFE).  Because CO2 is the reference gas for climate 
change, measures of non-CO2 GHG are converted into CO2-equivalent values (CO2-e) based on their 
potential to absorb heat in the atmosphere.  The first annual report would be submitted to EPA in 2011 for 
the calendar year 2010, except for vehicle and engine manufacturers, which would begin reporting for 
model year 2011.   

According to the preamble of the rule, the U.S. petroleum and natural gas industry encompasses hundreds 
of thousands of wells, hundreds of processing facilities, and over a million miles of transmission and 
distribution pipelines.  Crude oil is commonly transported by barge, tanker, rail, truck, and pipeline from 
production operations and import terminals to petroleum refineries or export terminals.  Typical 
equipment associated with these operations includes storage tanks and pumping stations.  The major 
sources of CH4 and CO2 fugitive emissions include releases from tanks and marine vessel loading 
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operations.  EPA does not propose to include the crude oil transportation segment of the petroleum and 
natural gas industry in this rulemaking due to its small contribution to total petroleum and natural gas 
fugitive emissions (accounting for much less than 1 percent) and the difficulty in defining a facility.  The 
responsibility for reporting would instead be placed on the processing plants and refineries.  
Consequently, the proposed pipeline Project would not trigger GHG reporting requirements.  

On June 2, 2010, the EPA issued a final rule that establishes an approach to addressing GHG emissions 
from stationary sources under the CAA permitting programs.  These stationary sources would be required 
to obtain permits that would demonstrate they are using the best practices and technologies to minimize 
GHG emissions.  The rule sets thresholds for GHG emissions that define when the CAA permits under 
the NSR/PSD and the Title V Operating Permits programs are required for new or existing industrial 
facilities.  The rule “tailors” the requirements to limit which facilities will be required to obtain NSR/PSD 
and Title V permits and cover nearly 70 percent of the national GHG emissions that come from stationary 
sources, including those from the nation’s largest emitters (e.g., power plants, refineries, and cement 
production facilities).   

For sources permitted between January 2, 2011 and June 30, 2011, the rule requires GHG permitting for 
only sources currently subject to the PSD permitting program (i.e., those that are newly-constructed or 
modified in a way that significantly increases emissions of a pollutant other than GHG) and that emit 
GHG emissions of at least 75,000 tpy.  In addition, only sources required to have Title V permits for non-
GHG pollutants will be required to address GHG as part of their Title V permitting (note: the 75,000 tpy 
CO2-e limit does not apply to Title V).  For sources constructed between July 1, 2011 and June 30, 2013, 
the rule requires PSD permitting for first-time new construction projects that emit GHG emissions of at 
least 100,000 tpy even if they do not exceed the permitting thresholds for any other pollutant.  In addition, 
sources that emit or have the potential to emit at least 100,000 tpy CO2-e and that undertake a 
modification that increases net emissions of GHG by at least 75,000 tpy CO2-e will also be subject to 
PSD requirements.  Under this scenario, operating permit requirements will for the first time apply to 
sources based on their GHG emissions, even if they would not apply based on emissions of any other 
pollutant.  Facilities that emit at least 100,000 tpy CO2-e will be subject to Title V permitting 
requirements.  The proposed Project is not subject to PSD and would have emissions of CO2-e less than 
the applicable thresholds for any of the stationary sources (i.e., construction camp, tank farm, and surge 
relief tanks).  Note that emissions from fugitive dust and mobile sources (on-road and non-road) are not 
included in the emission estimates for permit applicability of a stationary source.  Consequently, the 
proposed Project would not be subject to the federal GHG permitting rule.  EPA plans further rulemaking 
that would possibly reduce the permitting thresholds for new and modified sources making changes after 
June 30, 2013.   

Information on the cumulative impacts of GHG and climate change are addressed in Section 3.14.3.14 of 
the SDEIS. 

3.12.1.3 Potential Impacts and Mitigation 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.12.1.4 Connected Actions 

There have been no changes to the environmental assessment for electrical distribution lines and 
substations or the Big Bend to Witten 230-kV transmission line (formerly the Lower Brule to Witten 230-
kV transmission line).  The draft EIS subsection can be downloaded at www.keystonepipeline-
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xl.state.gov.  Potential impacts associated with the Bakken Marketlink Project and the Cushing 
Marketlink Project are addressed in Section 3.15 of this SDEIS. 

3.12.2 Noise 

There have been no changes to the environmental assessment presented in this section, including the 
assessment of the electrical distribution lines and substations and the Big Bend to Witten 230-kV 
transmission line (formerly the Lower Brule to Witten 230-kV transmission line).  The draft EIS 
subsection can be downloaded at www.keystonepipeline-xl.state.gov.  Potential impacts associated with 
the Bakken Marketlink Project and the Cushing Marketlink Project are addressed in Section 3.15 of this 
SDEIS. 

3.13 POTENTIAL RELEASES FROM PROJECT CONSTRUCTION AND OPERATION 
AND ENVIRONMENTAL CONSEQUENCES ANALYSIS 

This section addresses the potential for and consequences of oil products or crude oil releases that could 
occur during construction and operation of the proposed Project.  The analyses presented in the draft EIS 
were revised for the SDEIS based on comments on the draft EIS, information that was updated after the 
draft EIS was issued, and information that was unavailable at the time the draft EIS was issued.  This 
information includes recent PHMSA incident databases for hazardous liquid pipelines and the 57 Project-
specific Special Conditions developed by PHMSA and agreed to by Keystone.  As a result, there are 
revisions throughout Section 3.13 and the entire revised section is included in this SDEIS.   

Safety regulatory requirements and standards, the risk of crude oil and oil product releases, and the 
environmental consequences of those potential releases are addressed in the following subsections: 

• Pipeline Safety Considerations (Section 3.13.1); 

• Potential Types of Releases and Volumes from Project Construction and Operation (Section 
3.13.2); 

• Potential Releases During Project Construction (Section 3.13.3);  

• Potential Releases from Project Operations (Section 3.13.4); 

• Impacts Related to Oil Spills (Section 3.13.5); and  

• Resource-Specific Impacts (Section 3.13.6). 

3.13.1 Pipeline Safety Considerations 

3.13.1.1 Pipeline Safety Standards and Regulations 

U.S. Department of Transportation Regulations  

USDOT is mandated to regulate pipeline safety under Title 49, USC Chapter 601.  PHMSA is responsible 
for protecting the American public and the environment by ensuring the safe and secure movement of 
hazardous materials to industry and consumers by all transportation modes, including the nation’s 
pipelines.  Through PHMSA, the USDOT develops and enforces regulations for the safe, reliable, and 
environmentally sound operation of the nation’s 2.3-million-mile pipeline transportation system and the 
nearly 1 million daily shipments of hazardous materials by land, sea, and air.  Within PHMSA, OPS has 
the safety authority for the nation’s natural gas and hazardous liquid pipelines.  PHMSA administers the 
national regulatory program to ensure the safe transportation of hazardous liquids, including crude oil, by 
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pipeline.  PHMSA develops regulations that address safety in the design, construction, testing, operation, 
maintenance, and emergency response for hazardous liquid pipelines and related facilities.  Many of the 
regulations are written as performance standards that set the level of safety to be attained and allow the 
pipeline operators to use various technologies to achieve the required level of safety.  PHMSA is 
responsible for regulations that require safe operations of hazardous liquid pipelines to protect human 
health and the environment from unplanned pipeline incidents. 

The regulations governing pipeline safety are included in 49 CFR Parts 190 through 199 (available at 
http://ecfr.gpoaccess.gov/cgi/t/text/text-
idx?sid=ca3d88e943c9b3619f96ac3d22f1c200&c=ecfr&tpl=/ecfrbrowse/Title49/49cfrv3_02.tpl%20).  
Parts 190, 194, 195, 198, and 199 are relevant to hazardous liquid (including crude oil) pipelines.  
Individual states are permitted to adopt additional or more stringent safety regulations for intrastate 
pipelines.  Parts 190, 198, and 199 address issues that are tangential to pipeline system integrity.  The 
regulations at 49 CFR 190 (Pipeline Safety Programs and Rulemaking Procedures) describe the pipeline 
safety programs and rulemaking procedures used by PHMSA in carrying out its regulatory duties, 
authorize PHMSA to inspect pipelines, describe the procedures by which PHMSA can enforce the 
regulations, and describe the legal rights and options of the operating companies in response to PHMSA 
enforcement actions.  The regulations at 49 CFR 198 (Regulations for Grants to Aid State Pipeline Safety 
Programs) prescribe regulations for grants to aid state pipeline safety compliance programs.  The 
regulations at 49 CFR 199 (Drug and Alcohol Testing) require operators of natural gas, liquefied natural 
gas, and hazardous liquid pipeline facilities to establish programs for preventing alcohol misuse and to 
test employees for the presence of alcohol and prohibited drugs.  

Regulations that are more directly related to pipeline system integrity and the associated oil spill risk 
assessment and environmental consequences analyses are addressed in the following paragraphs.  The 
regulations at 49 CFR 194 (Response Plans for Onshore Oil Pipelines) contain requirements for onshore 
oil spill response plans that are intended to reduce the environmental impact of oil unintentionally 
discharged from onshore oil pipelines.  Additional information on the requirements of 49 CFR 194 is 
presented later in this section.    

The regulations at 49 CFR 195 (Transportation of Hazardous Liquids by Pipeline) include the design, 
construction, operation, and maintenance safety standards and reporting requirements for pipelines that 
transport hazardous liquids, including crude oil.  Subparts of 49 CFR 195 include: 

• Subpart A: General; 

• Subpart B: Annual Accident and Safety-Related Condition Reporting; 

• Subpart C: Design Requirements; 

• Subpart D: Construction; 

• Subpart E: Pressure Testing; 

• Subpart F: Operation and Maintenance; 

• Subpart G: Qualification of Pipeline Personnel; and 

• Subpart H: Corrosion Control. 

The regulations at Subpart A, Section 195.6 define unusually sensitive areas (USAs) as public drinking 
water or ecological resource areas.   
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The regulations at Subpart C include specifications for determination of the internal pressure acceptable 
in relationship to other design parameters (Part 195.106).   

The regulations at Subpart F include requirements for marking, inspecting, and maintaining pipelines and 
the regulations at Subpart F, 49 CFR 195.260 (e) require a valve on either side of water crossings that are 
more than 100 feet across (as measured from high water marks).  The regulations at Subpart F, Section 
195.452 specify pipeline integrity management requirements in high-consequence areas (HCAs).  An 
HCA is defined as: 

• A commercially navigable waterway, which means a waterway where a substantive likelihood of 
commercial navigation exists;  

• A high population area, which means an urbanized area—as defined and delineated by the U.S. 
Census Bureau—that contains 50,000 or more people and has a population density of at least 
1,000 people per square mile;  

• Any other populated area, which means a place—as defined and delineated by the U.S. Census 
Bureau—that contains a concentrated population, such as an incorporated or unincorporated city, 
town, village, or other designated residential or commercial area; or 

• An unusually sensitive area (USA) — defined in 49 CFR Part 195.6 as public drinking water or 
ecological resource areas that are unusually sensitive to environmental effects from hazardous 
liquid pipeline releases.   

Drinking water USAs are a subset of all surface water intakes and groundwater-based drinking water 
supplies, including public water systems, public water supplies from source water protection 
areas/wellhead protection areas, and sole-source aquifers.  Specifically, drinking water USAs include: 

• The surface water intakes for community water systems and non-transient non-community water 
systems that do not have an adequate alternative drinking water source; 

• The source water protection areas for community water systems and non-transient, non-
community water systems that obtain their water supply from a Class I or Class IIA aquifer and 
do not have an adequate alternative drinking water source.  If the source water protection area is 
not available, the wellhead protection areas become the USA; and 

• The aquifer recharge area for sole-source aquifers within karst terrains. 

For a new hazardous liquid pipeline, the regulations at 49 CFR 195.452 require that HCAs be identified 
prior to operation and that a written Integrity Management Plan (IMP) be in place within 1 year of the 
start of operation.  The HCA regulation also requires that operators of new hazardous liquid pipelines 
complete baseline assessments by the start date for pipeline operation.  Keystone would conduct a 
baseline assessment consisting of hydrostatic testing and a caliper/geometry pig inspection prior to the 
proposed pipeline’s operation.  Keystone also prepared a pipeline risk assessment that comprises incident 
frequencies and potential spill volumes and fulfills the risk analysis requirements for HCAs (see 
Appendix P of the draft EIS).  The pipeline risk assessment summarizes Keystone’s estimate of pipeline 
miles within various types of HCAs.  More detailed analyses would be conducted by Keystone as part of 
the IMP process that would occur prior to proposed Project operation.  PHMSA would review the 
proposed pipeline’s IMP and would conduct periodic inspections of the pipeline during operation.  
Keystone must implement preventive and mitigating measures to protect each HCA from the 
consequences of a pipeline failure and release of oil.   
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Additional actions that may be required include the following:  

• Implementing damage prevention Best Management Practices (BMPs); 

• Implementing more thorough programs to monitor cathodic protection where corrosion is a 
concern; 

• Establishing shorter inspection intervals; 

• Installing emergency flow restriction devices on the pipeline segment; 

• Modifying systems that monitor pressure and detect leaks; and 

• Providing additional training to personnel on response procedures, conducting drills with local 
emergency responders, and adopting other management controls. 

The regulations at 49 CFR 195 Subpart G include minimum operator qualification requirements for 
individuals performing tasks required by the regulations, and Subpart H specifies corrosion control 
requirements. 

The regulations at Part 194 require that a response plan be developed, and at Part 195 require that an 
operations manual be developed that addresses abnormal operations for the proposed Project.  Keystone 
developed an Emergency Response Plan (ERP) for the Keystone Mainline and Cushing Extension that 
addresses these requirements and that was reviewed and approved by PHMSA prior to operation of that 
project (see Appendix C of the draft EIS).  Keystone has stated that this ERP would serve as the template 
for an ERP for the proposed Project and Project-specific information would be inserted into that plan as it 
becomes available (see Section 2.4.2.2).   

PHMSA Special Conditions 

At the time of publication of the draft EIS, Keystone had applied to PHMSA for consideration of a 
Special Permit request that if approved, would have allowed Keystone to operate the proposed Project at a 
slightly higher pressure than would be allowed using the standard design factor (maximum pressure not to 
exceed 72 percent of the pipe specified minimum yield strength [SMYS]) specified in 49 CFR 195.106.  
As a part of consideration of the application for a Special Permit, PHMSA initiated development of 
Special Conditions that, if the permit were granted, would have allowed Keystone to operate the Project at 
a maximum operating pressure higher than that specified in 49 CFR 195.106.  However, on August 5, 
2010, Keystone withdrew its application to PHMSA for a Special Permit.   

After the application was withdrawn, DOS continued to work with PHMSA and Keystone to develop 
Special Conditions that could be applied to the proposed Project in response to comments received about 
pipeline construction, operation, and maintenance.  Ultimately, a set of 57 Special Conditions was 
established (presented in Appendix C of this SDEIS) and Keystone agreed that if the Presidential Permit 
is granted, it would incorporate those conditions into the proposed Project and in its manual for 
operations, maintenance, and emergencies that is required by 49 CFR 195.402.  PHMSA has the legal 
authority to inspect and enforce any items contained in a pipeline operator’s operations, maintenance, and 
emergencies manual, and would therefore have the legal authority to inspect and enforce the 57 Special 
Conditions if the proposed Project is approved.  Incorporation of those conditions would result in a 
Project that would have a degree of safety over any other typically constructed domestic oil pipeline 
system under current code and a degree of safety along the entire length of the pipeline system similar to 
that which is required in High Consequence Areas (HCAs) as defined in 49 CFR 195.450. 
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Standards and Regulations for Affected States 

Oversight and inspections of interstate hazardous liquid pipelines are carried out by PHMSA with the 
assistance of state agencies in the states where PHMSA and the state have a cooperative agreement.  In all 
states that would be crossed by the proposed pipeline, PHMSA regulates, inspects, and enforces interstate 
liquid pipeline safety requirements.  States may adopt regulations with requirements that supplement or 
exceed federal requirements for intrastate pipelines only.  

All states that would be crossed by the proposed Project have adopted state one-call systems to reduce the 
potential for third-party damage to utilities, including pipelines, during activities that involve excavation 
or soil boring.  During construction and operation, contractors and the operator would be required to use 
the one-call system in each state to reduce the risk of damage to existing subsurface utilities.   

Industry Standards 

The proposed Project pipeline design would comply with pertinent industry standards.  These industry 
standards could change if PHMSA adopts updated versions of the standards referenced in 49 CFR 195.3.  
Standards that would be complied with include the following: 

• American Society of Mechanical Engineers (ASME)/American National Standards Institute 
(ANSI) Code B31.4, “Liquid Transportation Systems for Hydrocarbons, Liquid Petroleum Gas, 
Anhydrous Ammonia, and Alcohols.”  This standard addresses requirements for materials of 
construction welds, inspection, and testing for cross-country hazardous liquid pipelines.  ASME 
B31.4 434.15.2 (a) requires mainline block valves on the upstream side of major river crossings 
and public water supply reservoirs, and either a block valve or a check valve on the downstream 
side.  49 CFR Part 195, “Transportation of Hazardous Liquids by Pipelines,” has incorporated 
ASME/ANSI B31.4 code by reference. 

• ANSI Standards CSA Z662-03 and Z662.1-03.  This standard covers the design, construction, 
operation, and maintenance of oil and gas industry pipeline systems that convey various fluids, 
including crude oil.  

• American Petroleum Institute (API) 570, “Piping Inspection Code–Inspection, Repair, Alteration, 
and Re-Rating of In-Service Piping Systems.”  This code was developed for the petroleum 
refining and chemical processing industries but may be used for any piping system. 

• API RP 1102, “Recommended Practices for Liquid Petroleum Pipelines Crossing Railroads and 
Highways.”  This recommended practice is a requirement of ASME/ANSI B31.4. 

• API RP 1109, “Recommended Practice for Marking Liquid Petroleum Pipeline Facilities.” 
ASME/ANSI B31.4 advises that this API RP 1109 shall be used as a guide. 

• NACE RP 0169, “Control of External Corrosion on Underground or Submerged Metallic Piping 
Systems.”  ASME/ANSI B31.4 refers to sections of this recommended practice as a guide for an 
adequate level of cathodic protection. 

• Other documents or portions thereof pertaining to transportation of hazardous liquids and 
incorporated by reference in 49 CFR 195.3.  

Storage tanks associated with the proposed Project or the Bakken Marketlink and Cushing Marketlink 
connected actions, as well as surge tanks at delivery points in Texas would be designed and constructed in 
accordance with relevant standards listed in 49 CFR 195.  Additionally, Keystone has agreed to 
incorporate into the proposed Project specifications a set of Project-specific conditions developed by 
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PHMSA (Appendix C of this SDEIS).  These Special Conditions incorporate the requirements of the 
following industry standards: 

• API Specification 5L, Specification for Line Pipe, 44th Edition.  API 5L and other specifications 
and standards address the steel pipe toughness properties needed to resist crack initiation, crack 
propagation and to ensure crack arrest during a pipeline failure caused by a fracture;     

• ASTM International A578/A578M Level B or equivalent.  Standard Specification for Straight-
Beam Ultrasonic Examination of Rolled Steel Plates for Special Applications;  

• API 1104, “Welding of Pipelines and Related Facilities.”  API 1104 covers the gas and arc 
welding of butt, fillet, and socket welds in carbon and low-alloy steel piping used in the 
compression, pumping, and transmission of crude petroleum, petroleum products, fuel gases, 
carbon dioxide, nitrogen and, where applicable, covers welding on distribution systems. It applies 
to both new construction and in-service welding.  This standard also covers the procedures for 
radiographic, magnetic particle, liquid penetrant, and ultrasonic testing, as well as the acceptance 
standards to be applied to production welds tested to destruction or inspected by radiographic, 
magnetic particle, liquid penetrant, ultrasonic, and visual testing methods; 

• API Recommended Practice 1165 (First Edition), Recommended Practice for Pipeline SCADA 
Displays; 

• API Recommended Practice 1130, Computational Pipeline Monitoring for Liquid Pipelines, (API 
RP 1130, 1st Edition 2007); 

• ASME Standard B31Q, Pipeline Personnel Qualification Standard (ASME B31Q), September 
2006; 

• API Recommended Practice 1162, Public Awareness Programs for Pipeline Operators, (API RP 
1162 (1st edition, December 2003) or the most recent version incorporated in 195.3); 

• Canadian Standards Association, Oil and Gas Pipeline Systems, CSA Z662-03, Annex E, Section 
E.5.2, Leak Detection Manual; 

• NACE International RP 0169 (2002 or the latest version incorporated by reference in 195.3) and 
0177 (2007 or the latest version referenced through the appropriate NACE standard incorporated 
by reference in 195.3) (NACE RP 0169 and NACE RP 0177) for interference current levels.  
NACE RP 0169 was described earlier.  NACE RP 0177 addresses mitigation of alternating 
current and lightning effects on metallic structures and corrosion control systems; 

• NACE International RP 0502-2002 (NACE RP 0502-2002) Pipeline External Corrosion Direct 
Assessment Methodology, or the latest version incorporated by reference in 195.3; 

• PHMSA’s “Interim Guidelines for Confirming Pipe Strength in Pipe Susceptible to Low Yield 
Strength for Liquid Pipelines” dated October 6, 2009; 

• The Common Ground Alliance’s damage prevention best practices applicable to pipelines. 

Summary 

As a result of incorporation of the current PHMSA regulations, current industry standards, and the set of 
57 Project-specific Special Conditions developed by PHMSA and agreed to by Keystone, the proposed 
Project would have a degree of safety over any other typically constructed domestic oil pipeline system 
under current code and a degree of safety along the entire length of the pipeline system similar to that 
which is required in HCAs as defined in 49 CFR 195.450.  
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3.13.1.2 U.S. Pipeline Spill Incident History 

PHMSA Pipeline Incident Statistics 

PHMSA pipeline incident statistics are addressed in the draft EIS.  The following subsection of this 
SDEIS provides updates to the PHMSA data and information on incidents associated with the existing 
Keystone Oil Pipeline Project.   

Incidents that result in unintentional releases from hazardous liquid pipelines, which includes crude oil 
pipelines, are reported to PHMSA on standard forms in accordance with 49 CFR 195.50.  PHMSA 
maintains a database of pipeline incident reports (available online at:  
http://primis.phmsa.dot.gov/comm/reports/safety/psi.html).  Pipeline incident reports encompass onshore 
and offshore natural gas and hazardous liquid pipelines.  In addition to crude oil pipelines, hazardous 
liquid pipelines include pipelines that transport oil products, liquefied petroleum gas (LPG), anhydrous 
ammonia, and other hazardous liquids.   

The PHMSA database of hazardous liquid pipeline incidents includes incidents categorized as 
“significant.”  Significant hazardous liquid pipeline safety incidents include those that meet one or more 
of the following criteria:  

• Spills releasing 2,100 gallons (50 barrels [bbl])9 or more;  

• Spills of 210 gallons (5 bbl) of highly volatile liquid10;  

• Spills resulting in total costs of $50,000 or more (1984 dollars);  

• Spills that result in unintentional fire or explosion; or 

• Incidents involving a fatality or an injury requiring in-patient hospitalization. 

PHMSA defines a “serious” pipeline incident as one that involves a fatality or an injury requiring in-
patient hospitalization.  As noted above, significant incidents include all serious incidents.  

The PHMSA incident database includes summary tables that provide overviews of serious and significant 
incidents reported over the last 20 years, ending in 2010.  Prior to 2002, PHMSA required reports of 
hazardous liquid releases of greater than or equal to 2,100 gallons (50 bbl).  As of 2002, PHMSA required 
reports of hazardous liquid releases of greater than or equal to 5 gallons (0.1 bbl).  Therefore PHMSA 
data prior to 2002 likely understate the actual number of incidents and lead to over estimates of average 
spill volumes. 

Table 3.13.1-1 presents the average number of serious incidents in a year for hazardous liquid pipeline 
operators (combined onshore and offshore pipeline incidents).  The summary data indicate a decreasing 
temporal trend in the annual average number of serious pipeline incidents.  These data include 93 serious 
incidents reported for 20 years, from 1991 to 2010. 

 

 

                                                 
9 1 bbl equals 42 U.S. gallons.  Oil volumes are provided in gallons followed by bbl in this EIS. 
10 The statistics include incidents related to highly volatile liquids; however, crude oil is not a highly volatile liquid.  
Therefore, incident statistics are somewhat overstated when considering incidents involving crude oil pipeline 
transport.  
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TABLE 3.13.1-1 
Nationwide Onshore and Offshore Hazardous Liquid Pipeline Systems,  

Annual Averages for Serious Incidents a  

Time Period Annual Average Serious Incidents per Period 
5-year average (2006–2010) 3 

10-year average (2001–2010) 3 

20-year average (1991–2010) 5 

a Incidents involving a fatality or an injury requiring in-patient hospitalization.  
Source:  PHMSA 2011.  

The average number of significant incidents per year for onshore hazardous liquid pipelines from 1991 
through 2010 is presented in Table 3.13.1-2 along with other data related to the reported incidents.  These 
summary data indicate a generally decreasing trend in annual incident frequency and injuries.  The 
average gross spill volume for the 20-year period was higher than that of the other periods, likely 
reflecting the higher level of integrity for newer pipelines and the effects of increasingly stringent 
regulatory requirements.  

A summary of PHMSA significant pipeline safety incidents by cause for the period from 2008 through 
2010 for onshore hazardous liquid pipelines is presented in Table 3.13.1-3.   

 



 

TABLE 3.13.1-2 
Nationwide Onshore Hazardous Liquid Pipeline Systems, Annual Averages for Significant Incidents 

Period 
Number of 
Incidents Fatalities Injuries Property Damage b,c 

Gross Barrels 
Lost 

Barrels 
Recovered Net Barrels Lost 

3-year average (2008 – 2010) 

5-year average (2006–2010) 

107 

106 

2 

2 

3 

4 

$244,301,451 

$171,257,826 

108,201 

110,921 

33,279 

41,665 

74,922 

69,256 

10-year average (2001-2010) 114 2 6 $143,814,380 104,065 38,647 65,418 

20-year average (1991-2010) 134 2 9 $111,080,000 125,532 55,695 69,837 
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a Incidents include those that meet one or more of the following criteria: spills releasing 2,100 gallons (50 barrels [bbl]) or more; spills of 210 gallons (5 bbl) of highly volatile liquid; spills 
resulting in total costs of $50,000 or more (1984 dollars); spills that result in unintentional fire or explosion; or an incident that involves a fatality or an injury requiring in-patient 
hospitalization. 
b The costs for incidents prior to 2010 are presented in 2010 dollars.  Costs were adjusted using the Bureau of Economic Analysis, Government Printing Office inflation values. 
c For years 2002 and later, property damage is estimated as the sum of all public and private costs reported in the 30-day incident report. For years prior to 2002, accident report forms 
did not include a breakdown of public and private costs so property damage for these years is the reported total property damage field in the report. 
Note: Totals for the period from 1991 through 2010: 2,672 incidents; 40 fatalities; 178 injuries; $2,221,600,007 property damage; 2,510,639 barrels lost; 1,113,894 barrels recovered, 
and 1,396,745 net barrels lost. 
Source:  PHMSA 2011. 

 

 
 

http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html
http://primis.phmsa.dot.gov/comm/reports/SigPSI.html


 

 
 

 
3-90 

 

S
upplem

ental D
raft E

IS
 

 
K

eystone X
L P

roject 

-  
TABLE 3.13.1-3 

Nationwide Onshore Hazardous Liquid Pipeline Systems, Causes of Significant Incidentsa (2008-2010) 

Cause 
Number of 
Incidents  

Percent of Total 
Incidents (%) Fatalities Injuries 

Property 
Damage b, c 

Percent of 
Property 

Damage (%) 

All other causes 22 6.7 4 1 $526,062,146 69.6 

Corrosion 69 21.0 0 0 $38,672,895 5.1 

Excavation damage 42 12.8 1 2 $27,382,678 3.6 

Incorrect operation 34 10.3 1 6 $7,352,773 0.9 

Material or 
equipment failure 125 38.1 0 0 $104,184,945 13.8 

Natural force 
damage 20 6.1 0 0 $24,049,849 3.1 

Other outside force 
damage 8 2.4 1 1 $5,199,064 0.6 

Totalc 320 97.5 7 10 $732,904,353 97.0 

a Incidents include those that meet one or more of the following criteria: spills releasing 2,100 gallons (50 barrels [bbl]) or more; spills of 210 gallons (5 bbl) of highly volatile liquid; spills 
resulting in total costs of $50,000 or more (1984 dollars); spills that result in unintentional fire or explosion; or an incident that involves a fatality or an injury requiring in-patient 
hospitalization. 
b The costs for incidents prior to 2010 are presented in 2010 dollars. Costs were adjusted using the Bureau of Economic Analysis, Government Printing Office inflation values.  
c Property damage was estimated as the sum of all public and private costs reported in the 30-day incident report, adjusted to 2010 dollars.   
c Totals presented as reported by PHMSA. 
Source:  PHMSA 2011. 

-  
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Outside forces incidents listed in Table 3.13.1-3 include: excavation damage from mechanical equipment, 
such as bulldozers and backhoes (12.8 percent); natural force damage, including earth movements due to 
soil settlement, washouts, or geologic hazards and weather effects such as winds, storms, and thermal 
strains (6.1 percent); and other outside force damage (2.4 percent).  Older pipelines have a higher 
frequency of outside force incidents partly because their location may be less well known and less well 
marked than it is for newer lines.  In addition, the older pipelines contain a disproportionate number of 
smaller diameter pipes with reduced wall thicknesses, and have a greater rate of incidents related to 
outside forces.  These pipelines are more easily crushed or broken by mechanical equipment or earth 
movements than larger diameter pipelines such as that of the proposed Project. 

Corrosion was the reported cause of 21 percent of all hazardous liquid pipeline incidents from 2008 
through 2010 (Table 3.13.1-3).  The frequency of incidents is strongly dependent on pipeline age.  Older 
pipelines have a higher frequency of corrosion incidents, because corrosion is a time-dependent process.  
Also, new pipe generally uses more advanced coatings and cathodic protection to reduce corrosion 
potential.  Significant improvements in corrosion control technology applied to pipelines installed since 
the 1950s have resulted in reduced corrosion-related incident frequencies.  Accordingly, the oldest 
pipelines (pre-1950) experience a disproportionate frequency of corrosion-related failures (Keifner and 
Trench 2001).  In contrast, the proposed Project would incorporate state-of-the-practice corrosion control 
methods based on current industry standards, current PHMSA requirements, and the set of Project-
specific Special Conditions developed by PHMSA and incorporated into the proposed Project plan (see 
Sections 2.3 and 3.13.4.5). 

It is important to consider pipeline age when assessing risk based on records of incident frequencies.  In 
2004, the Transportation Research Board (TRB 2004) published a review of pipelines that included 
“Pipeline Safety Data and Trends” as an appendix.  Appendix B of that report summarizes a detailed 
analysis of API and USDOT hazardous liquid pipeline incident data, and relies heavily on previous work 
done for API (Keifner and Trench 2001).  The API work confirms that hazardous liquid pipeline age is a 
significant spill risk factor, for various reasons.  The study grouped pipelines by decade of construction.  
The work shows that older pipelines not only experienced a higher frequency of spill incidents in general, 
but they also experienced a higher frequency of spill incidents due to third-party damage.   

Many industry standards and practices, PHMSA regulatory requirements, and the set of Project-specific 
Special Conditions developed by PHMSA that would be incorporated into the proposed Project would 
likely reduce the potential for spill incidents associated with the proposed Project as compared to 
PHMSAs incident data summaries (see Sections 2.3 and 3.13.1, and Appendix C of this SDEIS for 
additional details).   

TransCanada and Keystone Operating History 

For much of its history, TransCanada’s business operations focused on natural gas transportation systems 
in Canada and the United States.  In February 1996, the firm initiated its oil transportation business with a 
50/50 joint venture with Alberta Energy Company (now EnCana Corporation) to purchase the Platte 
pipeline and to construct the Express pipeline later that year.  Together, the Express and Platte pipelines 
constitute a 1,700-mile system between Hardesty, Alberta and Wood River, Illinois.  The system became 
operational in February 1997, with commercial deliveries beginning in April 1997.  Alberta Energy 
Company operated the Express and Platte systems on behalf of the joint venture partnership until October 
2000, when TransCanada divested its 50 percent interest to EnCana Corporation.   

Keystone, a TransCanada subsidiary, constructed the Keystone Oil Pipeline Project (Keystone Mainline 
Pipeline and Cushing Extension) and the mainline portion of that system initiated operation in 2010.  As a 
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result, TransCanada’s limited operating history with crude oil pipelines precludes a direct comparison of 
accident and oil spill incident rates specific to TransCanada with the industry average rates.   

During pre-startup testing and initial operation of the Keystone Oil Pipeline Project, there were six 
unintentional releases of crude oil: five occurred at pump stations and one occurred at an MLV.  All of the 
releases resulted from failures of fittings or seals and all of the releases were contained within the 
confines of the pump station or MLV site.  Although most of the releases were not large enough to require 
reporting, all six of the spills were reported.  The reported incidents through January 8, 2011 included the 
following: 

• May 21, 2010: less than 5 gallons (0.1 bbl) spilled at Carpenter Pump Station in Clark County, 
South Dakota; 

• June 23, 2010: less than 100 gallons (2.4 bbl) spilled at Roswell Pump Station in Miner County, 
South Dakota; 

• August 10, 2010: less than 2 gallons (0.05 bbl) spilled at Freeman Pump Station in Hutchinson 
County, South Dakota; 

• August 19, 2010: 10 gallons (0.2 bbl) spilled at Hartington Pump Station in Cedar County, 
Nebraska; 

• January 5, 2011: less than 2 gallons (0.05 bbl) spilled at Ferney Pump Station in Day County, 
South Dakota; and  

• January 8, 2011: less than 3 gallons (0.07 bbl) spilled at an MLV in Doniphan County, Kansas. 

For each incident, the crude oil was discovered soon after the release occurred and cleaned up 
immediately after discovery.  No environmental damage was reported.   

To evaluate TransCanada’s experience in operating gas transmission pipelines, a review of PHMSA 
enforcement actions was conducted on all of the natural gas pipelines it operated in the U.S.  The 
pipelines reviewed, with dates TransCanada assumed control of the assets, are listed below:   

• Gas Transmission Northwest Corp. – Operator ID # 15014 – November 2, 2004; 

• ANR Pipeline Co. – Operator ID # 405 – February 22, 2007; 

• Great Lakes Gas Transmission Co. – Operator ID # 6660 – February 22, 2007; 

• Northern Border Pipeline Company – Operator ID # 13769 – April 1, 2007;  

• Tuscarora Gas Transmission Co. – Operator ID # 30838 – December 19, 2006; 

• Portland Natural Gas Transmission – Operator ID # 31145 – August 3, 2004; and 

• North Baja Pipeline – Operator ID # 31891 – November 2, 2004.  

For these pipelines, PHMSA identified two 49 CFR Part 192 compliance issues (natural gas) from time of 
pipeline ownership to December 31, 2009.  There were no civil penalties imposed, and all past 
compliance issues have been resolved with TransCanada and closed by PHMSA.   
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3.13.2 Spill Volume Categories and Potential Types of Releases  

3.13.2.1 Spill Volume Categories  

To address potential spills from the proposed Project in this EIS, the following categories of spill volumes 
were used:  

• Very small spills: less than 210 gallons (less than 5 bbl); 

• Small spills: 210 to 2,100 gallons (5 to 49.9 bbl); 

• Substantive spills: 2,100 to 21,000 gallons (50 to 499.9 bbl); 

• Large spills: 21,000 to 210,000 gallons (500 to 5,000 bbl); and 

• Very large spills: greater than 210,000 gallons (5,000 bbl). 

This size classification is generally similar to the unofficial categories used by PHMSA for spill 
reporting.  The very small spill and very large spill categories were added to facilitate discussion of the 
majority of spills (less than 210 gallons [5 bbl]) and very rare spills (greater than 210,000 gallons [5,000 
bbl]).  A range of spill scenarios was assessed to facilitate the impact assessment.  Spill scenarios were 
based on these spill volume categories.  Over the past 20 years (from 1990 through 2010), the average 
spill size in the PHMSA significant incident database for onshore hazardous liquid pipelines was less than 
42,000 gallons (1,000 bbl).   

Very Small and Small Spills 

The most common scenarios are the very small (less than 210 gallons [5 bbl]) and small (210 to 2,100 
gallons [5 to 49.9 bbl]) spills of material—usually diesel, hydraulic fluid, transmission oil, or antifreeze—
on work pads, roads, and facility parking or work areas.  Some of these small spills may result from slow 
and small (pin hole) leaks of crude oil from the proposed pipeline, or spills during maintenance activities 
on the pipeline and its facilities (e.g., pump station valves).   

Substantive and Large Spills 

Substantive (2,100 to 21,000 gallons [50 to 499.9 bbl]) and large (21,000 to 210,000 gallons [500 to 5,000 
bbl]) spills would be much less likely to occur than smaller sized spills (see Sections 3.13.2, 3.13.3, and 
3.13.4).  Large spills would more likely be crude oil releases from the proposed pipeline and would likely 
occur in the ROW.  Both Substantive and large spills could result from tanker truck accidents (during 
construction), major failure of the fuel storage tanks at construction sites, outside forces such as 
excavators and major earth movement, or corrosion of the pipe.   

Very Large Spills 

A very large spill (greater than 210,000 gallons [5,000 bbl]) could occur during operation and could result 
from either (1) a major rupture or a complete break in the proposed pipeline, or (2) from a failure of one 
or more of the three, 350,000-bbl crude oil storage tanks at the Cushing tank farm and the concurrent 
failure of the containment berms surrounding the tanks.  As discussed in Section 3.13.4.2, a very large 
spill from the pipeline would likely require the occurrence of an event that would shear the pipeline such 
as major earth movement resulting from slides, major earth movement resulting from an earthquake, 
major flood flows eroding river banks at non-HDD crossings, mechanical damage from third-party 
excavation or drilling work, or vandalism, sabotage, or terrorist actions.   
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3.13.2.2 Potential Types of Releases 

The following sub sections provide summary information on the types of materials that may be released 
from the proposed Project during construction and operation.  More detailed information, particularly on 
crude oil, is presented in Section 3.13.5.1. 

Refined Oil Products 

Release volumes of refined oil products (e.g., gasoline, diesel, and lubricating and hydraulic fluids) 
during proposed Project construction or operations would typically be very small to small, although larger 
release volumes are possible.  The small to very small releases would typically be associated with 
equipment fueling and hydraulic fluid line ruptures.  These spills would most likely occur at the 
construction or operation/maintenance sites, at fueling stations, on the roadways, within the ROW, and at 
similar managed locations where they would be readily contained and remediated.  Refined product 
releases could also result from accidents (e.g., tank truck rollover); excess fuel or lubricants during 
vehicle, equipment, and machinery maintenance; failure of fuel storage tanks and the surrounding 
containment berms; and incorrect operation of equipment or fueling procedures.   

Hazardous Materials 

The volume of hazardous materials that would be used during proposed Project construction and 
operations would be small and therefore any spills would likely be very small to small with little 
likelihood of a Substantive spill.  Any hazardous material spills would most likely occur at the 
construction or operation/maintenance sites where materials would be stored in containers that define 
maximum spill quantities.  Implementation of the ERP, SPCC plans, and hazardous materials location 
restrictions (see the CMR Plan in Appendix B of the draft EIS) would reduce the risk that a hazardous 
material release could affect surface waters.  

Crude Oil 

Crude oil releases could occur during proposed Project operation and maintenance activities, as discussed 
in Section 3.13.4.  Estimates of potential crude oil spill volumes are presented in those sections and in 
Appendix P of the draft EIS.  The characteristics of the crude oil that would be transported by the 
proposed Project are discussed in Sections 3.13.5.1 and 3.13.5.3.  

3.13.3 Potential Releases during Project Construction 

Most construction-related spills would likely release minor quantities of refined products (e.g., gasoline, 
diesel, and lubricating and hydraulic fluids).  These releases would be subject to the reporting 
requirements of 40 CFR Part 110, and would typically result from vehicle and construction equipment 
fueling and maintenance.  Contractor construction staging and pipe storage areas would typically include 
skid-mounted, aboveground gasoline storage tanks (9,500-gallon [226-bbl] capacity) and diesel storage 
tanks (10,000-gallon [238-bbl] storage capacity).  These fuel tanks would be installed within impermeable 
containment areas to prevent spilled material from reaching adjacent natural habitats.  According to the 
Pipeline Risk Assessment (Appendix P of the draft EIS) and in compliance with one of the requirements 
of 40 CFR Part 112 for each staging area, oil storage tanks would have secondary means of containment 
(berms) for 110 percent of the capacity of the largest tank.  In addition, portable oil storage containers 
would have berms that hold 110 percent of the total capacity of the containers inside the berm.  
Lubricating oil may also be stored in tanks in these areas.  Construction would also involve fuel delivery 
by tanker trucks to operating equipment along the construction ROW.  The potential maximum spill 
volume from the failure of the maximum size fuel tank truck would be about 9,000 gallons (214 bbl) for 
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diesel or gasoline.  Lubricating or hydraulic fluid would be stored in 55-gallon (1.3-bbl) drums, with up to 
six drums on a pallet.  Thus, the potential maximum spill volume of lubricating oil or hydraulic fluid 
would be equal to the volume of six drums, or approximately 330 gallons (7.9 bbl).  Hydrostatic testing of 
the pipeline prior to operation would not result in release of oil to the environment as the water used in the 
testing does not contain oil.  Also, the discharged water would be required to meet NPDES discharge 
permit conditions (see Section 2.3.2.6).   

Potential spills from construction activities would be addressed by specific preventive and mitigating 
measures included in the SPCC Plan described in more detail in section 2.3 and Appendix C of the draft 
EIS.   

3.13.4 Potential Spills from Project Operations (Including Maintenance)     

3.13.4.1 Operational Spills 

Operational spills from the proposed Project could originate from the pipeline, pump stations, MLVs, 
delivery points, or the Cushing tank farm.  Additionally, spills similar to those described for construction 
could occur as a result of ongoing maintenance activities.  As described in Appendix P of the draft EIS, 
releases from the proposed Project could result from the effects of corrosion (external or internal), 
excavation or other subsurface equipment disturbance damage, defects in materials or defects related to 
proposed Project construction, hydraulic over-pressuring related to incorrect operating procedures, or 
geologic hazards (e.g., ground movement, washouts, and flooding).  Although leak detection systems (see 
Section 3.13.5.5 and Appendix P of the draft EIS) would be in place, some slow leaks might not be 
detected by the system for an extended period of time.  A pinhole leak could be undetected for days or a 
few weeks if the release volume rate were small and in a remote area.  However, although the total 
volume of a release from a pin hole leak could be relatively large (e.g., up to a substantive spill), in most 
cases the oil would likely remain within or near the pipeline trench where it could be contained and 
cleaned up after discovery.  Detection would likely occur through visual or olfactory identification, either 
during regular pipeline aerial inspections, ground patrols, or landowner or citizen observation, in most 
cases before the release of a substantive volume of oil to surface habitats and environment.  

Larger spills would most likely be associated with leak sources other than pinhole leaks (e.g., excavation 
damage and geologic hazards).  In larger spills, some of the released oil could be contained in the 
immediate vicinity of the release point, although the released oil would likely migrate from the release 
source.  However, experience gained from previous large pipeline oil releases suggests that the distance 
the oil would likely migrate is limited (see Section 3.13.6.4).  Prior to PHMSA granting permission to 
operate the proposed Project, Keystone would be required to prepare and implement an ERP that would 
guide response actions in the event of an oil release to facilitate rapid response.  Nonetheless, actual 
response with containment equipment and cleanup crews could be delayed due to one or more of the 
following factors: 

• If the leak is at a remote location, visual leak detection could be difficult and reporting could be 
delayed; 

• Locating the leak could require time searching the release area to determine where the leak 
originates; 

• Snow, darkness, or other natural factors could hinder visual detection;  

• Weather conditions, natural disasters (e.g., floods, landslides, excessive snow fall, or drifting) 
could delay access to the spill location, especially for larger equipment and supply vehicles; and 
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• Depending on spill volume, proximity, and season, the oil could reach wetlands, freshwater ponds 
and lakes, streams, or larger rivers thus necessitating additional time to mobilize response (see 
Section 3.13.5.1). 

3.13.4.2 Operational Spills Risk Assessments 

To assess the likelihood of operational releases from the proposed Project, spill risk assessments were 
conducted.  These risk assessments addressed both the potential frequency of operational pipeline releases 
and the potential volumes of crude oil associated with the releases.  The risk analyses for the proposed 
Project used data derived from the PHMSA incident database for hazardous liquid pipelines, including 
crude oil pipelines, as described below.   

Oil Spill Frequency  

Two separate approaches were used to estimate oil spill frequency and potential spill volume: 

• DOS related historical significant spill incidents (as defined by PHMSA) and spill volumes to 
hazardous liquid pipelines mileage, both across the U.S. and within the specific states that would 
be traversed by the proposed Project, based on the PHMSA hazardous liquid pipeline database 
(PHMSA 2011).  It should be noted that the majority of pipelines in the U.S. included in that 
database were constructed in the 1970s or earlier and were not necessarily constructed consistent 
with more recent regulatory requirements. 

• Keystone related the incident frequency to historic pipeline releases attributed to specific 
causative mechanisms and adjusted the frequency for Project-specific design, construction, and 
operational procedures as well as specific terrain conditions that would be crossed by the 
proposed Project (Appendix P of the draft EIS).  Baseline incident frequencies were adjusted to 
account for improved technologies and current PHMSA regulations for the proposed Project.  The 
baseline incident frequencies were converted to estimated occurrence intervals for the following 
six categories of incident causes specific to the proposed Project:   

Corrosion – occurrence interval = one per 3,400 years;  

Excavation damage – occurrence interval = one per 8,200 years;  

Materials and construction – occurrence interval = one per 3,300 years; 

Hydraulic surge – occurrence interval = one per 6,800 years; 

Ground movement – occurrence interval = one per 81,500 years; and  

Flooding and washout – occurrence interval = one per 87,800 years.   

Significant Incident Frequency Projections 

“Significant incident frequency” is defined as the number of significant incidents (as defined by PHMSA) 
per mile of pipeline per year.  At the time this significant incident frequency analysis was prepared, there 
were approximately 175,000 miles of hazardous liquid pipelines, both offshore and onshore, in the U.S.  
That pipeline mileage was divided into the 10-year average of 114 significant incidents per year for 
onshore hazardous liquid pipelines (PHMSA 2011; see Table 3.13.1-2) to calculate the significant 
incident frequency factor of 0.0007 incidents per pipeline mile per year for nationwide pipelines.   

PHMSA’s state-by-state hazardous liquid pipeline incident database was used to generate a Project-
specific state-by-state subset of the data.  The state-by-state PHMSA data summaries provide the total 
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miles of hazardous liquid pipelines within the state and the number of significant incidents that occurred 
for onshore hazardous pipelines during the 10-year period from 2001 through 2010.  Analysis of these 
data also resulted in a frequency of 0.0007 incidents per mile per year for the entire proposed pipeline in 
spite of the fact that there were relatively small numbers of incidents reported in most of the states that 
would be crossed by the proposed pipeline.   

There are approximately 55,000 miles of crude oil transmission lines in the U.S. (Tribal Energy and 
Environmental Clearing House 2011, Pipeline 101 2011).  The detailed PHMSA incident report database 
was used to obtain the number of incidents of crude oil spills from onshore hazardous liquid pipelines 
during the reporting period from 1997 through 2008.  There were approximately 600 reported incidents 
during that 10-year period, which equates to a frequency of 0.00109 crude oil incidents per mile per year.   

The results of these three analyses were used to project the number of significant incidents per year for 
each segment of the proposed Project.  The calculated numbers of significant incidents by proposed 
segment and for the entire proposed pipeline are provided in Table 3.13.4-1.   

TABLE 3.13.4-1 
Projected Significant Spill Incidents (>50 Barrels) per Year for the Proposed Project Pipeline 

Characteristic 

Full PHMSA 
Hazardous Liquids 

Dataset a 

PHMSA Data for   
States Crossed by 

the Proposed 
Pipeline b 

PHMSA Data– 
Crude Oil c 

Incidents per mile per year 0.0007 0.0007 0.00109 

Proposed Project Segment Spill Incidents Per Year 
    Steele City Segment (852 miles) 0.60 0.60 0.93 

    Cushing Extension (298 miles) 0.21 0.21 0.32 

    Gulf Coast Segment and Houston 
Lateral (532 miles) 

0.37 0.37 0.58 

Project total (1,682 miles) 1.18 1.18 1.83 

a “Full” includes all hazardous liquid pipelines in the U.S., both onshore and offshore. 
b Includes data only for onshore hazardous liquid pipelines in the states that would be crossed by the proposed pipeline. 
c “Crude oil” includes data just for onshore crude oil pipeline incidents, all states.   
Source: PHMSA 2009. 

Incident Frequency Determined by Specific Causative Mechanisms 

Keystone produced a Project-specific spill frequency estimate using an alternative approach (see 
Appendix P of the draft EIS).  This analysis summed spill frequencies by specific pipeline integrity 
“threats” as defined in ASME B31.8S (i.e., corrosion, excavation, material defects, hydraulic events, 
ground movements, and washout events) for the entire proposed pipeline, including the existing Cushing 
Extension.  Each threat spill frequency estimate was adjusted as appropriate based on specific state-by-
state natural conditions and Project-specific design and operational criteria.  The calculations resulted in a 
spill incident frequency factor of 0.000135 incident per mile per year, which is equivalent to 
approximately 2.2 spills per 10 years for the entire proposed Project.  Summary data from this analysis 
are presented in Table 3.13.4-2.  
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TABLE 3.13.4-2 
Projected Spill Occurrence for the Proposed Project over a 10-Year Interval 

Proposed Pipeline Segment Spills per Segment (rounded) 

Steele City Segment (852 miles) 1.1 

Keystone Cushing Extension (298 miles) 0.4 

Gulf Coast Segment and Houston Lateral (532 miles) 0.6 

Project Total (1,682 miles) 2.2 

Source: Keystone 2009a. 

Results Comparison 

The incident frequency analysis based on significant spill incidents as a function of existing pipeline 
mileage and PHMSA data on significant incidents without adjustments resulted in a spill occurrence 
estimate that is higher than that produced by the Project-specific analysis in Appendix P of the draft EIS.  
This is not an unexpected result because the historical database includes releases from much older 
pipeline systems with routes through different topography and geographic areas and older, less stringent 
design criteria than those of the proposed Project.  With implementation of the USDOT Integrity 
Management Rule, continually improving industry operating practices, and advancements in pipeline 
technology the spill frequency for modern pipeline systems would likely be lower than historical levels 
observed on older pipelines.  In fact, hazardous liquid pipeline serious and significant incident frequencies 
have been steadily decreasing, as indicated by the PHMSA 5-year, 10-year, and 20-year incident 
frequency averages (Tables 3.13.1-1 and 3.13.1-2).  The frequency of oil spills from the proposed pipeline 
and facilities would likely be lower than the PHMSA data statistical frequency, which reflects past 
experience.   

It is likely that both incident frequency analyses tend to overestimate the likely spill frequency of the 
proposed Project since both analyses rely on data that include incidents on older pipelines that would not 
be operated under the Project-specific Special Conditions developed by PHMSA and incorporated into 
the design, construction, operations, and maintenance plans for the proposed Project.   

Oil Spill Volume 

Historical Spill Volumes 

The 10-year average of PHMSA onshore hazardous liquid pipeline significant incident data (PHMSA 
2011) indicates that the average reported gross volume of fluid lost per year from 2001 through 2010 was 
4,370,730 gallons (104,065 bbl) per year.  This equates to an average fluid loss per pipeline mile per year 
of approximately 25 gallons (0.6 bbl).  Using data for onshore hazardous liquid pipelines for each state 
that would be crossed by the proposed pipeline, the average loss would be 24.8 gallons (0.6 bbl) per mile 
per year for the full length of the proposed pipeline.  Using the PHMSA database for crude oil spills, the 
loss rate would be approximately 43.7 gallons (1.04 bbl) per mile per year.  The average volume for crude 
oil spills is likely higher than that for all hazardous liquid pipelines due to the fact that larger crude oil 
volumes are typically transported by pipeline than volumes of other materials.  Using these historical spill 
volume values applied to the pipeline mileage of the proposed Project, the estimates of spill volumes 
obtained are: 

• 42,050 gallons (1,002 bbl) based on the full PHMSA onshore hazardous liquid pipeline database;  

 3-98 
Supplemental Draft EIS  Keystone XL Project 



 

• 31,790 gallons (757 bbl) based on the state-by-state PHMSA onshore hazardous liquid pipeline 
database; and  

• 73,503 gallons (1,750 bbl) based on the PHMSA database specific to onshore crude oil pipelines.   

PHMSA data for incidents from 2002 through 2010 indicate that 50 percent of the releases over that time 
period were 126 gallons (3 bbl) or less and that less than 0.3 percent of those releases were 420,000 
gallons (10,000 bbl) or greater (PHMSA 2011).  However, PHMSA data also indicate that large to very 
large pipeline spills do occur. 

Maximum Spill Volumes 

In response to a data request from PHMSA, Keystone conducted a maximum potential pipeline spill 
volume assessment.  A very large (greater than 210,000 gallons [5,000 bbl]) spill would be a very 
unlikely event (see Appendix P of the draft EIS) and would likely result from a major rupture or a 
complete break in the proposed pipeline that releases crude oil somewhere along the ROW.  The actual 
volumes spilled would vary depending on a number of factors, including: 

• MLV locations, activation methods, and activation delay times; 

• Operating pressure within the pipeline; 

• Location of the structural failure;  

• Extent to which the proposed pipeline follows topographic contours, and the location of low spots 
in the pipeline relative to the structural failure; and 

• Nature of the structural failure. 

A complete structural failure of a 36-inch outer diameter pipeline with the wall thicknesses of the 
proposed pipeline (see Section 2.3.1, Table 2.3.1-1) would be a highly unlikely event.  To cause such a 
failure, the proposed pipeline would likely need to experience a direct shear event.  Such events could be 
caused by: 

• A strike-slip fault movement across the proposed pipeline – however, the proposed pipeline 
corridor does not cross any known active faults; 

• An anchor drag event or a collision event within a navigable river that experiences large to very 
large ship or barge traffic – however, all such river crossings along the proposed corridor would 
be crossed using HDD and the pipeline would therefore be installed well below the maximum 
anchor depth and outside any potential collision hazard; 

• A major construction-related accidental equipment interaction with the buried pipeline – 
however, the proposed pipeline would be buried under a minimum of 4 feet of cover, would be 
clearly marked, would include warning tape (ribbons) as required by the Project-specific Special 
Conditions developed by PHMSA, would be predominantly routed through rural areas where 
such large equipment construction impacts would be rare, and Keystone would implement public 
awareness and damage prevention programs in accordance with 49 CFR 195.440 and API RP 
1162;  

• An intentional act of sabotage, vandalism, or terrorism – however, the pipeline would be buried 
with a minimum of 4 feet of cover and all aboveground facilities would include security fencing, 
thus reducing facility accessibility to these potential threats;  
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• A major flood event with the potential to cause deep scour and debris impact to the proposed 
pipeline – however, at major river crossings, the proposed pipeline would be installed using HDD 
and would therefore be below the maximum scour depth, and at all stream crossings, the 
proposed pipeline would be installed below the calculated scour depth;  

• A major slide event could be possible in steep slope areas along the proposed pipeline corridor – 
however, Keystone has considered landslide potential in the routing of the proposed pipeline and 
has selected crossings of steeper slope areas where the landslide potential is considered minimal, 
and the potential for landslide activity would be monitored during operations through regular 
aerial and intermittent ground patrols and through landowner awareness programs; or 

• A combination of a high level of corrosion with some external force on the proposed pipeline – 
however, the proposed pipeline would be designed, constructed and operated consistent with the 
requirements of 49 CFR 195 and the Project-specific Special Conditions developed by PHMSA 
(see Appendix C of this SDEIS), many of which address requirements to reduce and monitor 
corrosion throughout the lifetime of the proposed Project.  Some commenters expressed concern 
that WCSB crude oil pipeline statistics from Canada suggest that corrosion rates for WCSB crude 
oil pipelines are higher than for other crude oil pipelines.  Direct comparisons between spill 
frequencies in the Canadian NEB/ERCB incident database and the PHMSA spill frequency 
database are complicated by differences in spill reporting requirements in the two jurisdictions.  
In Canada, spills of any size are reported.  In the U.S., spills of 5 barrels or more are reported at 
this time.  However, it is noted that PHMSA reported that in the U.S. from 2002 to 2009 internal 
corrosion accounted for approximately 26.5 percent of spill incidents (PHMSA 2011).  The 
NEB/ERCB reported that in Alberta from 1990 to 2005 internal corrosion accounted for 
approximately 24.8 percent of spill incidents (Alberta Energy and Utilities Board 2007).   

To ascertain what the maximum volume release could be at any location along the proposed pipeline 
corridor as requested by PHMSA, an analysis was conducted that assessed maximum leak volume from a 
complete pipeline structural failure within every 3-foot-long segment of the proposed pipeline corridor.  
This analysis used the following response times: 

• Stop pumping units at all pump station locations:  approximately 9 minutes; 

• Close remotely operated isolation valves:  approximately 3 minutes; 

• Total time:  approximately 12 minutes. 

The analysis also assumed a complete pipeline shear and draindown, a highly unlikely event for the 
reasons stated above.  The analysis considered the configuration of the pipeline and the location of MLVs 
and pump stations relative to each 3-foot-long segment from the Canadian border to delivery terminals.  
Based on this analysis, the approximate maximum spill volume was estimated to be approximately 2.8 
million gallons (66,500 bbl), and it was determined that this size release was only theoretically possible 
along less than 0.1 percent of the proposed pipeline route (less than 1.7 miles).  It is important to note that 
this approximate maximum spill volume could not occur at all locations along the proposed pipeline 
corridor.  It represents the release that would occur under a structural failure scenario where the distance 
between MLVs and the terrain gradient in the vicinity of the failure, in combination with other factors, 
would lead to a maximum draindown condition.  At all other locations along the pipeline corridor, the 
maximum draindown volume would be lower.  For approximately 50 percent of the proposed pipeline 
corridor (approximately 842 miles), the modeled maximum spill volume would be less than 672,000 
gallons (16,000 bbl) due to a complete structural failure of the pipeline.  For the rest of the pipeline, the 
maximum release would be less due to topography and MLV placement.  Areas where maximum spill 
volumes would be much lower include river crossings and pump stations where MLVs occur on each side 
of the river or the pump station. 
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In summary, the estimates of maximum spill volume were based on an analysis that included the 
following assumptions: 

• Complete structural failure of the pipeline;  

• Maximum assumed time between the failure incident and the time of detection; 

• Maximum time for shutdown to be initiated and completed; 

• Maximum flow rate; and  

• Largest potential line drainage volume between the closest MLV on each side of the structural 
failure given site conditions at each 3-foot segment. 

To put the size of these maximum spill estimates into perspective, they can be compared to the size of 
major historical pipeline oil spills.  The largest major historical pipeline spills in the U.S. from 1979 
through 2010 ranged from about 300,000 to 1.3 million gallons (7,143 to 30,950 bbl).  In this time period, 
there were less than 10 spills within this range of magnitudes.  These spills were all lower in volume than 
the potential largest spill from the proposed pipeline and they appear to confirm the conservatism in the 
maximum spill estimates, given that they occurred in pipeline systems much older and designed to less 
stringent requirements than the proposed Project, although none of the pipelines involved with these spills 
were of the same pipeline diameter and operating pressure as those of the proposed Project.   

A very large spill could occur at the proposed Cushing tank farm.  However, each of the three 350,000-
bbl tanks would be surrounded by a secondary containment berm (Section 2.2.6) that would hold 110 
percent of the contents of the tank plus freeboard for precipitation.  Therefore, a very large release to the 
environment could only occur in the unlikely event of a major failure of a tank and a concurrent failure of 
the secondary containment berm.  All other releases from tank failure would be contained within the 
bermed areas.    

3.13.5 Impacts Related to Oil Spills 

Crude oil released from the proposed pipeline during operations or refined oil released during 
construction or operations into the environment may affect natural resources, protected areas, human uses 
and services, and aesthetics to varying degrees, depending on the cause, size, type, volume, location, 
season, environmental conditions, and depending on the timing and degree of response actions.  Small oil 
spills (e.g., minor intermittent leaks and drips from construction machinery and operating equipment) 
would be almost certain to occur during construction and operation of the proposed Project, although in 
aggregate these spills could be of sufficient magnitude to substantively affect natural resources and 
human uses of the environment.   

Most oil spills are only broadly predictable in cause, location, time of occurrence, size, and duration (J.L. 
Mach et al., Hart Associates, Inc. 2000).  For example, it is more likely that: 

• A pipeline spill would occur in a populated area where excavation is a frequent activity than in a 
remote wilderness area;  

• A pipeline washout would occur in a major river bed than in a small creek;  

• A fueling spill would occur on a fueling station pad than on the ROW; or  

• A tanker truck would overturn on a winding mountain road than on the prairie.   
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When an oil spill occurs, the resulting environmental impact depends on a number of factors, including:  

• Amount and duration of oil release, and location with respect to topography, infrastructure, and 
sensitive receptors; 

• Fate and behavior of the spilled oil (i.e., the potential for a spill reaching an environmental 
receptor and its persistence in the environment); 

• Chemical composition and physical characteristics of the oil; and  

• Toxicity and other adverse effects of the oil to the receptors.   

The oil spill literature is diverse, extensive, and often presents conflicting results and conclusions 
regarding acute and chronic impacts from oil spills.  Much of the literature is not published in the peer-
reviewed literature but consists of technical reports prepared by the potentially responsible parties (PRPs), 
natural resource trustees ( e.g., state, federal, and tribal managers for the natural resources), consultants 
and academics retained by the PRPs and/or Trustees, and other interested parties including NGOs.  
Nevertheless, the body of literature and information taken together provides a basis for evaluating the 
potential range of impacts that may result from an oil spill from the construction, operation, maintenance 
and demobilization of the proposed pipeline.  Some of the sources of the information utilized for this 
analysis include the following: 

• NOAA DARP website where the Damage Assessment and Restoration Plans provide a 
description of oil spill impacts as well as planned restoration actions (www.darrp.noaa.gov); 

• USFWS website where impact assessment and restoration plans are provided for a limited 
number of sites (www.fws.gov/contaminants/restorationplans/plans.cfm); 

• Oil and Nature Bulletin by USFWS (www.fws.gov/contaminants/Documents/OilAndNature.pdf); 

• Resources on Oil Spills, Response, and Restoration: A Selected Bibliography by Anna Fiolek, 
Linda Pikula, and Brian Voss.  June 2010.  National Oceanic and Atmospheric Administration, 
Library and Information Services Division.  
(http://docs.lib.noaa.gov/noaa_documents/NESDIS/NODC/LISD/Central_Library/current_refere
nces/current_references_2010-2.pdf);  

• Damage Assessment and Restoration Plan/Environmental Assessment (DARP/EA) listing by 
California for several Natural Resource Damage Assessments (NRDAs) 
(www.dfg.ca.gov/ospr/NRDA); 

• Oil spill response in freshwater: Assessment of the impact of cleanup as a management tool by 
John H. Vandermeulen and Cal W. Ross in Journal of Environmental Management 44(4):297-
308, 1995; 

• Environment Canada’s website (www.ec.gc.ca/scitech/ ) that provides access to 34 years of 
publications on oil spill impacts and response (mostly in temperate to cold environments) that 
have been presented at the annual AMOP Technical Seminar on Environmental Contamination 
and Response;  

• Archived Proceedings of the International Oil Spill Conference (www.iosc.org/papers/search.asp) 
wherein many papers and posters deal with the fate of oil in freshwater systems as well as the 
impacts to natural resources; and    

• Additional papers, technical reports, Natural Resource Damage Assessments (NRDAs) books, 
and bibliographies related to freshwater oil spill impacts that provide detailed (and sometimes 
contradictory) assessments of impacts as well as the recovery of natural resources from oil spills, 
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including many catalogued and/or prepared by EPA, USFWS, NOAA, USCG, and many state 
agencies.  

A discussion of oil spill impacts requires a depiction of typical potential spill scenarios and environmental 
variables that might affect spilled oil fate and behavior.  These depictions are necessarily simplified and 
do not represent the entire spectrum of events that might be realized in actual spills.  However, many of 
these factors and assumptions have been used in previous similar assessments, and all are based on the 
peer-reviewed literature, technical reports, and empirical experience of oil spill experts worldwide.  The 
following key factors are addressed below: 

• Physical, Temporal and Environmental Factors Affecting Hazardous Liquid Spill Impacts  
(Section 3.13.5.1); 

• Keystone Response Time and Actions (Section 3.13.5.2); 

• Factors Affecting the Behavior and Fate of Spilled Oil (Section 3.13.5.3); 

• Summary of Environmental Factors Affecting Fate of Spilled Oil (Section 3.13.5.4); 

• Keystone Actions to Prevent, Detect, and Mitigate Oil Spills (Section 3.13.5.5); 

• Types of spill impacts (Section 3.13.5.6). 

3.13.5.1 Physical, Temporal, and Environmental Factors Affecting Hazardous Liquid 
Spill Impacts 

Impacts related to hazardous liquid spills could be affected by the release location, type and volume of 
material released, nearby receptors and resource uses, seasonal variations, weather, water levels, and other 
factors that are described below.   

Location of Spill 

Most spills would occur and be contained within or in close association with the proposed pipeline ROW 
or associated infrastructure, including construction yards, pump stations, and maintenance yards.  These 
spills would typically be very small (less than 42 gallons [1 bbl]) and would likely be promptly cleaned 
up as required by federal, state, and local regulations.  During construction, some refined product spills 
may occur from tank truck accidents along roads leading to the construction sites.  Some of these spills 
may result in much or all of a load being spilled to the land, wetlands, ponds and lakes, or flowing 
waterbodies adjacent to the road or pad.  The maximum volume of gasoline or diesel from a tank trunk 
would be about 9,000 gallons (214 bbl) for diesel or gasoline and approximately 330 gallons (7.9 bbl) for 
lubricating or hydraulic fluid (i.e., six 55-gallon drums on a pallet).  These spills would likely have 
limited areal extent unless they occurred at or very near an open water body.  

Spills during operation and maintenance of the proposed pipeline would for the most part involve crude 
oil.  Based on experience, spills resulting from excavation damage would likely occur in urban/suburban 
areas and some agricultural areas where water-conveying canal excavation activities below four feet of 
depth are common.  The locations of greatest concern for potential oil spills would be those that are up-
gradient of HCAs, especially water intakes for public drinking water or commercial/industrial users and 
USAs, especially wetlands, flowing streams and rivers, and similar critical habitats.   
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Type of Material Released 

As stated previously, throughout construction operation and maintenance of the proposed Project, it 
would be possible to spill refined oil products, hazardous materials and crude oil.  This EIS focuses on 
crude oil because of the potential for large-to very large volume releases of crude oil into sensitive areas 
over the approximately 1,682-mile-long proposed pipeline route.   

Crude oil transported by the proposed Project would, for the most part, originate within the Alberta oil 
sands.  The material extracted from the oil sands is typically a very viscous material called bitumen.  
Bitumen and the types of crude oils produced through either processing or converting the bitumen are 
defined as follows:  

• Raw bitumen – Raw bitumen is solid under ambient conditions and therefore must be diluted or 
converted prior to transport via pipeline.  

• Upgraded bitumen (SCO or syncrude) – SCO (synthetic crude oil) is produced from bitumen via 
a refinery conversion that turns heavy hydrocarbons into lighter hydrocarbons.  While SCO can 
be sour, it is usually a light, sweet crude without heavy fractions.  

• Diluted bitumen (dilbit) – Dilbit is bitumen mixed with a diluent, usually a natural gas liquid such 
as condensate.  This is done to make the mixed product “lighter,” reducing viscosity so the dilbit 
can be transported via pipeline.  Dilbit feedstock processing requires more heavy oil conversion 
capacity than most crude oils and it is considered lower quality than most crude oils with its high 
levels of sulfur and aromatics.  

• Synthetic bitumen (synbit) – Synbit is usually a combination of bitumen and SCO.  The properties 
of synbit blends vary greatly, but blending lighter SCO with heavier bitumen results in a product 
more similar to conventional crude oil than SCO or dilbit alone. 

• Diluted synthetic bitumen (dilsynbit) – Dilsynbit is a combination of bitumen and heavy 
conventional crudes blended with condensate and SCO, producing a product more similar to 
conventional crude oil than SCO or dilbit (IHS CERA 2010). 

According to Keystone, the types of WCSB crude oil that would be transported by the proposed Project 
would primarily consist of SCO and dilbit.  The upgrading process for SCO and the addition of diluent in 
dilbit would occur before the oil would be delivered to the Keystone pipeline at Hardisty, Alberta.  The 
precise composition of SCO and dilbit would vary by shipper and is considered proprietary information.  
In general, these crude oils would be similar to Western Canada Select (a heavy crude oil) and Suncor 
Synthetic A (a lighter crude oil).  The physical and chemical composition characteristics of these two 
types of crude oil, as well as several other crude oils derived from the oil sands, are available at 
http:/www.crudemonitor.ca/assays.html and are further described below.   

The diluents used are generally similar to kerosene, natural gas condensate or synthetic crude oil; 
however, the exact composition may vary between shippers and is considered proprietary information (as 
is the exact composition of the crude oil).  The diluents are integrally combined into the crude oil and 
would not physically separate if the oil is accidentally released.  Over time, the aromatic fraction of any 
crude oil released to the environment would tend to evaporate, and the water-soluble fraction would tend 
to enter surface and/or groundwater, if there is any such water in contact with the spilled oil plume.  SCO 
and dilbit would behave in a similar manner if released to the environment.  While the raw bitumen 
produced from the WCSB oil sands is more dense than water, the specific gravity of the crude oils that 
would be transported on the proposed pipeline ranges from about 0.85 to about 0.93, less than the specific 
gravity of water.  These crude oils, therefore, tend to float on water and would not initially sink if released 
to an aqueous environment, either at the surface or in the ground.   
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Crude oils may differ in their solubility, toxicity, persistence, and other properties that affect their impact 
on the environment.  The effects of a specific crude oil are a function of its composition and physical 
properties.  Of particular importance are: 

• Specific gravity, which determines whether the unweathered oil would sink or float upon release 
to an aquatic environment.  A specific gravity of less than 1.0 means the unweathered oil will 
float on fresh water. 

• Viscosity, which determines how readily the oil would flow when released, especially in an area 
with a down slope or downcurrent gradient to an HCA or USA.  Typically, viscosity increases as 
temperature decreases.  This may be an important consideration, as air temperatures along the 
length of the proposed pipeline corridor may range from well below freezing in winter to in 
excess of 100˚F in summer.   

• Pour point, an indicator of the temperature at which the oil changes from liquid to a “solid” 
material that does not flow.  

• Proportion of volatile and semi-volatile fractions, an indicator of (1) the amount of oil that would 
evaporate or volatilize; (2) the amount of oil that would likely physically persist in the 
environment as it weathers; and (3) the amount of potentially toxic material that could dissolve or 
disperse into an aquatic environment and cause toxicological impacts. 

• Proportion and amount of polycyclic aromatic hydrocarbons (PAHs), many of which are 
considered the key toxic fraction of oils. 

• Proportion of other elements and compounds including sulfur and metals. 

Information on example crude oils expected to be transported by the proposed Project (see Tables 3.13.5-
1 and 3.13.5-2) indicates that the transported crude oil would likely have the following general 
characteristics:  

• Average relative density (specific gravity) of approximately 0.846 for Suncor Synthetic A oil and 
approximately 0.924 for Western Canadian Select crude oil which means that both types of crude 
oil would float on fresh water; 

• Pour point for heavy crude oil less than approximately -30˚C (-22˚F);  

• Pour point for synthetic crude oil less than approximately -21˚C (-5.8˚F);  

• PAH concentrations which are unknown to Keystone at this time and will be proprietary 
information with the supplier; 

• Benzene, toluene, ethyl benzene, and xylenes (BTEX) concentrations are approximately 1 percent 
by volume of the crude oil volume; 

• Sulfur concentrations less than 0.25 percent and 3.6 percent by weight for synthetic and diluted 
bitumen respectively; 

• Nickel concentrations less than 2.5 and 66 parts per million (ppm) for synthetic oil and diluted 
bitumen respectively, and vanadium concentrations are less than 160 and less than 4 ppm 
respectively; and 

• Average mercury concentrations for WCSB crude oils are lower than comparable values for 
Mexican Maya and Venezuelan heavy sour crude oils (see Table 3.13.5-3).   
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TABLE 3.13.5-1 
Constituents and Properties of Western Canadian Select Crude Oil  

Characteristic Observed Past Average Standard Deviations a 
Basic Properties 

Relative Density 0.924 0.931 0.005 
API Density 21.6 20.6 0.8 
Absolute Density (kg/m3) 923.6 929.6 4.8 
Total Sulphur (wt %) 3.37 3.33 0.17 
MCR (mass %) 8.93 9.38 0.39 
SW (vol %) - b - - 
Sediment (ppmw) 301 374 97 
TAN 1.03 0.86 0.11 
Salt in Crude (ptb) - 40.3 12.6 
Iron (mg/L) - - - 
Nickel (mg/L) 53.6 53.7 6.1 
Vanadium (mg/L) 129.9 130.1 13.2 
Molybdenum (mg/L) - - - 

Constituent 
Methane - - - 
Ethane - 0.03 0.00 
Propane 0.07 0.07 0.02 
isoButane 0.57 0.59 0.13 
nButane 1.54 1.45 0.26 
Total Butanes 2.11 2.04 0.38 
Total C4 minus 2.18 2.14 0.40 
isoPentane 2.14 1.93 0.29 
n-Pentane 2.22 2.01 0.30 
Hexanes 4.04 3.58 0.54 
C7 Paraffins 0.73 0.64 0.10 
C7 Naphthenes 1.16 1.10 0.13 
C7 Aromatics 0.40 0.34 0.05 
nHeptane 0.62 0.56 0.07 
Total Heptanes 2.90 2.65 0.30 
C8 Paraffins 0.76 0.74 0.09 
C8 Naphthenes 0.61 0.63 0.09 
C8 Aromatics 0.48 0.44 0.07 
nOctane 0.39 0.38 0.05 
Total Octanes 2.25 2.79 0.27 
C9 Paraffins 0.35 0.36 0.06 
C9 Naphthenes 0.38 0.39 0.06 
C9 Aromatics 0.68 0.66 0.10 
nNonane 0.26 0.23 0.04 
Total Nonanes 1.33 1.64 0.23 
C10 Paraffins 0.53 0.49 0.07 
C10 Naphthenes 0.05 0.06 0.03 
C10 Aromatics - - - 
nDecane 0.26 0.24 0.05 
Total Decanes 0.84 0.78 0.13 
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TABLE 3.13.5-1 
Constituents and Properties of Western Canadian Select Crude Oil  

Characteristic Observed Past Average Standard Deviations a 
Distillation Information (°C), % Off 

IBP - 34.1 1.2 
1% - 35.0 1.7 
5% - 77.2 24.2 
10% - 157.6 35.5 
15% - 222.4 29.2 
20% - 267.5 21.7 
25% - 302.7 18.9 
30% - 333.8 18.3 
35% - 363.9 19.2 
40% - 394.1 20.7 
45% - 423.2 21.5 
50% - 452.3 23.8 
55% - 483.6 26.9 
60% - 518.1 31.1 
65% - 555.7 35.4 
70% - 594.6 37.4 
75% - 633.0 37.8 
80% - 665.7 35.1 
85% - 682.9 28.9 
90% - 698.2 22.1 
95% - 706.6 10.2 
98% - - - 
99% - - - 
100% - - - 
FBP - 716.8 2.5 
Residue (%) - 13.72 4.93 

Yield on Crude (Vol %) 
C4 and lighter (mass %) 2.2 2.1 0.4 
Naphtha (C5; 190°C) - 9.1 2.8 
Kerosene (190°C – 227°C) - 10.9 1.2 
Distillate (277°C – 343°C) - 9.7 1.2 
Gas Oil (343°C – 565°C) - 34.7 2.7 
Residue (565°C + ) - 33.4 4.8 

BTEX (Vol %) 
Benzene 0.18 0.15 0.02 
Toluene 0.32 0.27 0.04 
EthylBenzene 0.06 0.06 0.01 
Xylenes 0.33 0.30 0.05 

a Past Average and Standard Deviations include 156 records. 
b  - (dash) indicates a tested value below the instrument threshold.  
kg/m3 = kilogram per square meter; wt = weight; vol = volume; mg/L = milligram per liter 
Source:  Crude Quality Inc. 2010. 
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TABLE 3.13.5-2 
Constituents and Properties of Suncor Synthetic A Crude Oil  

Characteristic Observed Past Average Standard Deviations a 
Basic Analysis Information 

Relative Density 0.846 0.860 0.006 
API Density 35.8 33.1 1.2 
Absolute Density (kg/m3) 844.9 858.7 6.0 
Total Sulphur (wt %) 0.19 0.19 0.03 
MCR (mass %) - b 0.02 0.06 
SW (Vol %) - - - 
Sediment (ppmw) - - - 
TAN - - - 
Salt in Crude (ptb) - - - 
Iron (mg/L) - - - 
Nickel (mg/L) - 0.6 1.0 
Vanadium (mg/L) - 1.5 1.4 
Molybdenum (mg/L) - - - 

Light Ends (Vol %) 
Methane - - - 
Ethane - - - 
Propane 0.03 0.02 0.01 
isoButane 0.37 0.28 0.11 
nButane 1.81 1.51 0.32 
Total Butanes 2.18 1.80 0.43 
Total C4 minus 2.21 1.82 0.45 
isoPentane 1.73 1.10 0.19 
n-Pentane 2.49 1.88 0.31 
Hexanes 5.09 3.96 0.65 
C7 Paraffins 1.28 1.01 0.23 
C7 Naphthenes 1.29 1.09 0.17 
C7 Aromatics 0.38 0.29 0.06 
nHeptane 1.48 1.23 0.19 
Total Heptanes 4.43 3.62 0.52 
C8 Paraffins 1.63 1.56 0.21 
C8 Naphthenes 1.35 1.35 0.18 
C8 Aromatics 0.89 0.82 0.12 
nOctane 0.93 0.91 0.13 
Total Octanes 4.80 4.64 0.60 
C9 Paraffins 0.93 0.97 0.13 
C9 Naphthenes 0.76 0.79 0.13 
C9 Aromatics 1.36 1.47 0.21 
nNonane 0.78 0.75 0.10 
Total Nonanes 3.83 3.98 0.50 
C10 Paraffins 1.35 1.25 0.19 
C10 Naphthenes 0.07 0.13 0.11 
C10 Aromatics - 0.00 - 
nDecane 0.75 0.77 0.13 
Total Decanes 0.17 2.17 0.32 
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TABLE 3.13.5-2 
Constituents and Properties of Suncor Synthetic A Crude Oil  

Characteristic Observed Past Average Standard Deviations a 
Distillation Information (°C) % Off 

IBP - 34.5 1.6 
1% - 37.5 3.3 
5% - 92.2 14.3 
10% - 132.9 12.4 
15% - 167.0 12.2 
20% - 196.1 12.4 
25% - 223.5 12.3 
30% - 247.7 11.5 
35% - 267.9 10.4 
40% - 285.6 9.7 
45% - 300.9 8.6 
50% - 314.6 8.0 
55% - 327.8 7.7 
60% - 341.0 7.4 
65% - 354.1 7.2 
70% - 367.3 7.1 
75% - 381.3 7.1 
80% - 396.9 7.1 
85% - 414.3 6.8 
90% - 434.3 7.2 
95% - 464.8 8.4 
98% - 502.2 13.8 
99% - 533.5 21.9 
100% - - - 
FBP - 572.5 31.3 
Residue (%) - 0.00 - 

Yield on Crude (Vol %) 
C4 and lighter (mass %) 2.2 1.8 0.4 
Naphtha (C5; 190°C) - 16.3 2.2 
Kerosene (190°C – 277°C)  20.2 1.9 
Distillate (277°C – 343°C) - 22.1 1.0 
Gas Oil (343°C – 565°C) - 23.2 10.9 
Residue (565°C + ) - - - 

BTEX (Vol %) 
Benzene 0.09 0.05 0.03 
Toluene 0.30 0.23 0.05 
EthylBenzene 0.15 0.15 0.03 
Xylenes 0.57 0.52 0.08 
a Past Average and Standard Deviations include 100 records. 
b  - (dash) indicates a tested value below the instrument threshold.  
kg/m3 = kilogram per square meter; wt = weight; vol = volume; mg/L = milligram per liter 
Source:  Crude Quality Inc. 2010. 
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More characteristics of these example oils are reported in copyrighted assays by Crude Quality, Inc. 
(website:  http://www.crudemonitor.ca/current.html).  Some characteristics could not be described or 
distilled from assay data for the example oils for this EIS, including viscosity profiles, proportion of 
volatile and semi-volatiles compounds, the amount or proportion of PAHs, and toxicity to aquatic 
organisms based on bioassays.  In the fate, transport and impact assessment discussions that follow, 
information on these characteristics is therefore drawn from the available literature in the public record. 

A comparison of typical heavy crude oils refined currently in the Houston area with the crude oils that 
would be transported on the proposed pipeline indicates that they are similar in composition and would 
therefore likely produce similar emissions during refining.  A 2003 report to EPA prepared by the 
American Petroleum Institute (API) compared the health effects of synthetic crude oil with those of 
conventional crude oil and included the following statement (API 2003, page 9): 

 “Synthetic crude oil, from upgraded tar sands, is compositionally similar to high quality 
 conventional crude oil (>33º API).  The conventional technologies such as delayed and fluid 
 coking, hydrotreating, and hydrocracking, used to upgrade heavy crude oils and bitumens, are 
 used to convert tar sands into an essentially ‘bottomless’ crude, consisting of blends of 
 hydrotreated naphthas, diesel and gas oil without residual heavier oils . . . This information was 
 supplied to EPA . . . to support the position that tar sands-derived synthetic crude oil is 
 comparable to conventional crude oils for health effects and environmental testing, a position 
 with which EPA concurred.”  

However, based on current production projections and the market demand at Gulf Coast refineries, the 
majority of crude oil that would likely be transported by the proposed Project would be dilbit crude oils 
(EnSys 2010).   

Several commenters on the draft EIS expressed concerns relating to the chemical composition of the 
WCSB crude oil, in particular the dilbit crude oil, that would be transported through the proposed Project 
in relationship to other crude oils from other sources.  Commenters also expressed concern about 
corrosion inhibiting agents that could be added to the crude oil prior to acceptance into the proposed 
pipeline.  Corrosion inhibitors may be added to the crude oil stream with concentrations determined based 
on crude oil composition, supplier recommendations, and laboratory testing.  Any heavy metals 
associated with corrosion inhibiting agents would be assessed and monitored as required by restrictions 
imposed through tariff specifications on pipeline transportation and other applicable regulations and 
requirements related to deleterious crude oil stream constituents.   

Additionally, commenters have expressed concern about the potential for gas pocket formation within the 
pipeline due to the presence of diluents in the crude oil stream for the proposed pipeline.  However, 
according to PHMSA, the potential for gas pocket formations exists for normal crude oil transport.  There 
are no technical studies that indicate whether the potential for gas pocket formation would be any 
different for crude oils likely to be transported by the proposed Project.  Gas pocket formation could 
occur during a slack-line condition.   A slack-line condition can occur in any crude oil pipeline when line 
flow is insufficient to keep the entire pipe volume filled with liquid, leading to sporadic non-liquid 
volume pockets.  Gas pocket formation is related to local topography and crude oil flow rates.  Real time 
transient modeling addresses this concern, although leak detection sensitivity can be affected.  Special 
Conditions 25 through 32 of the 57 Project-specific Special Conditions developed in consultation with 
PHMSA and incorporated into the proposed Project design, construction, and maintenance plan by 
Keystone specifically address the requirements of the SCADA system and its ability to detect leaks within 
the limitations of current technology.  These conditions also address the requirement for SCADA operator 
training, including training to address transient flow conditions, and the need for the SCADA system to 
assess flow characteristics upstream and downstream of valve locations.  Further, in response to a data 
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request from DOS concerning design approach to address slack flow conditions, Keystone provided the 
following: 

“Slack flow is defined as a condition where the pressure of the crude oil inside the pipeline is 
reduced such that the pipeline pressure is less than the vapor pressure of the crude oil itself. The 
Keystone XL pipeline, under design operating conditions, will not operate in slack flow. 
 Keystone has ensured the operating regime allows for adequate pressure on the crude oil such 
that a slack flow condition will not arise. The pipeline’s controls philosophy (inclusive of valve 
controls) accomplishes this by regulation of the suction and discharge pressures at the pump 
stations so they don’t drop below the vapor pressure of the crude oil. Further, the pressure in the 
pipeline is continuously monitored by the Operations Control Center where pressure readings 
from transmitters placed no more than 20 miles apart along the pipeline are reported back through 
the SCADA system. Additionally, as Keystone has avoided extreme elevation changes along the 
route, natural causes for slack flow are eliminated.” 

DOS has assessed the chemical composition of heavy crude oils likely to be transported through the 
proposed pipeline and compared them to other heavy crude oils, in particular those currently refined in 
PADD III, a major destination for heavy crude oil transported by the proposed Project.  DOS has also 
compared the chemical composition of WCSB oil sands derived crude oils with conventional (i.e., non-oil 
sands derived) WCSB crude oils.  These assessments are presented in the following sub-sections.  

Comparison of WCSB Heavy Crude Oils with Other Heavy Crude Oils Currently Refined 
in PADD III  

Mexican Maya, Venezuelan Bachaquero, and Venezuelan Petrozuata crude oils are examples of heavy 
crude oils currently refined in PADD III.  Maya is the “marker” heavy crude oil in the U.S. Gulf Coast 
with an API gravity ranging from approximately 22 to 25, with a sulfur content of approximately 3 to 3.7 
percent by weight.  Maya has greater than 35 percent vacuum residue by weight that is approximately 5 
percent sulfur by weight and high in vanadium and nickel (combined concentration greater than 300 
ppm).  The two Venezuelan heavy crude oils have a sulfur content ranging from 2.4 to 2.7 percent by 
weight and a combined nickel and vanadium content of approximately 400 ppm.  The vacuum residue for 
these two crude oils is approximately 59 percent by weight, and some Venezuelan crudes (such as those 
from the Orinoco region) have a vacuum distillation residue of 60 percent by weight with a combined 
vanadium and nickel content in the range of 500 to 600 ppm.   

A summary of the range of properties for heavy crude oils currently refined in the PADD III area is 
provided in Table 3.14.3-7.  For comparison purposes, the table also includes properties for two heavy 
sour crude oils from the Middle East (Dubai Fateh and Arabian Safaniya) and a Canadian dilbit (Cold 
Lake Blend, a mixture consisting of  approximately 70 percent bitumen and 30 percent gas condensate) 
that may or may not be transported by the proposed Project based on current Project planning.  As 
discussed in more detail below, the WCSB crude oils that would be transported by the proposed Project 
have characteristics that make them of similar quality to heavy crude oils currently refined in PADD III. 

The typical chemical composition of the Keystone crude oil streams that would be transported by the 
proposed Project from the WCSB was provided in the May 1, 2009 Response to DOS Data Request #1.  
An update and additional details on the general composition of crude oil that would be transported by the 
proposed Project was provided in the July 15, 2010 Response to DOS Data Request #4. 
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Chemical Constituents 

Chemical characteristics of a selection of crude oils are presented in Table 3.13.5-3.  These selected crude 
oils include: 

• Western Canadian Select and Suncor Synthetic crudes, representative of WCSB crude oils that 
would be transported by the proposed Project; 

• Crude oils that are currently refined in PADD III and that would be partially or wholly replaced 
by crude oils that would be transported by the proposed project; 

• Two reference heavy crude oils from the Middle East; and  

• Another representative WCSB crude oil, the Canadian Cold Lake Blend. 

It is apparent from the table that the heavy crude oils that would be transported by the proposed Project 
are comparable to the existing heavy crude oils refined in PADD III.  The sulfur content is similar to 
Mexican Maya, but slightly higher than the other heavy crude oils such as Venezuelan Bachaquero.  
Nickel and vanadium content would be higher than the Middle Eastern crude oils, but lower than Mexican 
Maya and the Venezuelan crude oils.  Overall, the nickel and vanadium content of the WCSB crude oils is 
within the expected range for crude oils with an API gravity less than 28 (API 2011).  Additionally, 
mercury content, although not typically reported in crude oil assays, would likely be lower since 
Canadian crude oils, and WCSB crude oils in particular, have lower concentrations of total mercury than 
oils from foreign sources such as Mexico and South America (Hollebone and Yang 2007).  Heavy crude 
oil from Mexico has not been frequently tested for mercury but estimates suggest that those levels may be 
two to nearly 10 times the average in WCSB crude oil and from 1.5 to 6 times higher than synthetic 
crudes produced from Alberta oil sands (Table 3.13.5-3).  The average mercury level across all grades of 
Venezuelan crude oils is three times the average in Western Canadian crudes and two times the average 
for synthetic crudes from Alberta oil sands.  Finally, the total BTEX (benzene, toluene, ethyl benzene, 
and xylene) content of the WCSB crude oils is higher than the Mexican Maya and Venezuelan crude oils, 
but considerably lower than Arabian Heavy crude oil.  Also, the BTEX content of heavy oils is generally 
lower than lighter crude oils, many of which (e.g., West Texas Sour and Brent Blend) have twice the 
BTEX content of the examined heavy crude oils (Environment Canada 2011).  

The quality of Maya crude imported to PADD III has recently declined.  In early 2010, the Maya crude 
had a higher than normal salt and metals content, which led to increased downtime at Mexican refineries 
(Reuters, June 8, 2010 “Poor Maya crude quality hampers Mexico refineries”).  Reportedly, the viscosity 
of Maya crude processed in Mexico has also risen sharply in recent years due to a greater proportion of 
extra-heavy crude oil from the Ku Maloob Zaap field being added to the domestic Maya blend.  In 
addition to viscosity, the corrosivity of the Maya crude would also be adversely affected.  

The Western Canadian Select heavy crude oil salt content (40 pounds per thousand barrels [ptb]), is 
higher than that of other crudes shown in Table 3.13.5-3.  Data available at the Crude Monitor website 
indicates that the high Western Canadian Select salt content is representative of oil-sands crudes.  Salt 
removal in the feedstock is typically required at levels above 20 ptb (Abdel-Aal et al. 2003) but 40 ptb is 
not considered to be at a level (e.g., 100 to 500 ptb) that would present corrosion concerns.  Additionally, 
while the total acid number (TAN) for WCSB dilbits is in the midrange of heavy crude oils, the TAN 
characteristics of crude oils are not significant to the corrosion potential of steel piping at temperatures 
below approximately 450 degrees Fahrenheit (PHMSA 2011).  The maximum operating temperature of 
the proposed Project pipeline would not exceed 150 degrees Fahrenheit.   
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TABLE 3.13.5-3 
Comparison of Heavy Crude Properties 

Basic Analysis  

Western 
Canadian a Select 

Five Year 
Average (Heavy 

Sour DilBit) 

Suncor 
Synthetic A a (OSA) 
Five Year Average 
(Sweet Synthetic) 

Mexican Maya b 
Venezuelan Heavy 

Sours 
(Bachaquero and 

Petrozuata) c  

Cold Lake Blend d 
(Dilbit; Hardisty) 

Dubai Heavy b 
(Fateh) 

Arabian Heavy e, 

b (Safaniya)  

Density (kg/m3) 929.4 ± 4.8 858.6 ± 6.6 935.9 @15°C 967.9 @15°C 928.4 ± 5 @15.5°C 873.5 @15°C 0.889 

Gravity (oAPI) 20.6 ± 0.8 33.2 ± 1.3 1.3 - 25.1 16.8  / 19.5 19.7 – 21.2 30.4 - 31.1 27 – 28 

Vacuum Residue (wt%) 32 l 0.3 l 35 -- 45 59 p 45 -- 50 20 – 22 19 

Sulphur (wt%) 3.40 ± 0.14 0.19 ± 0.03 3.0 – 3.7 2.40  / 2.69 3.66 – 3.95 2 – 2.13 2.9 – 3 

Hydrogen Sulphide or 
Mercaptan Sulphur 

(wt%) 

Alberta Canadian 
L&M Crudes m  

0.0020% -  
0.0058% 

0.0100% -- -- 0.0034% < 0.0001% n 

 

MCR (wt%) 9.46 ± 0.40 ND -- 17.3 10.48 ± 0.36 -- -- 

Bottom Sediment & 
Water  (out) (%v) 0.38% ± 0.095%v <<0.5% 0.7%-1.5%g,h -- -- -- 0.29%g,h 

TAN (mgKOH/g) 0.88 ± 0.11 -- 0.40 1.20 0.94 ± 0.1 0.05 0.4 d 

Salt (ptb) 40.0 ± 13.6 -- 6 f -- 11.9 ± 3.2 -- 

Mercury (mg/Kg) 1.4 ± 0.3  ;  2.2 ± 
0.4 i 3.5; 13.5 j 4.2 k, j -- -- --  

Nickel (mg/L) 55.9 ± 3.4 ND 45.8 ± 7 (n=3)  55 – 84 65.2 ± 3.6 14 – 19 22 – 25 

Vanadium (mg/L) 134.1 ± 10.3 0.1 ± 3.8 267 ± 23 (n=4) 324 – 303 169 ± 11.2 42 – 58 70 

Olefins (wt%) ND ND -- -- -- -- -- 

Naphtha (wt%) 8.9 -- 15 2 – 8 16 11.5 – 16 14.7 

S:A:R:A (wt%) 11% S: --: --:  33% 
A  --: --: --: --  23 : 35 : 15 : 27 4 : 4 : 59 : 33 --: --: --: --  --: --: --: 2% A  

--: --:  --: 9.6% A 
5%S: --:  --: 11% 

A 
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TABLE 3.13.5-3 
Comparison of Heavy Crude Properties 

Basic Analysis  

Western 
Canadian a Select 

Five Year 
Average (Heavy 

Sour DilBit) 

Suncor 
Synthetic A a (OSA) 
Five Year Average 
(Sweet Synthetic) 

Mexican Maya b 
Venezuelan Heavy 

Sours 
(Bachaquero and 

Petrozuata) c  

Cold Lake Blend d 
(Dilbit; Hardisty) 

Dubai Heavy b 
(Fateh) 

Arabian Heavy e, 

b (Safaniya)  

Benzene 0.14 0.15 ± 0.02 0.05 ± 0.03 0.05 0.24 ± 0.03 6.5 0.99 

Toluene 0.25 0.27 ± 0.04 0.24 ± 0.05 0.13 0.37 ± 0.05 -- 3.98 

Ethyl Benzene 0.05 0.06 ± 0.01 0.15 ± 0.02 0.07 0.05 ± 0.01 -- 2.18 

 “—” No Information obtained as of the date of this report. 
ND = Not Detected 
S:A:R:A Percent Saturates : Aromatics : Resins : Asphaltenes in whole oil 
%BS&W Out: Percent  Bottom Sediment and Water after a dehydration process.  For example, Maya crude has ~15% BS&W In; pre-dehydration; and 0.7-1.5% BS&W Out; post 
dehydration  (Warren 2002) 
a Western Canadian Select and Suncor Synthetic A crude data generally from the Canadian crudemonotor: http://www.crudemonitor.ca/crude.php?acr=WCS and  
http://www.crudemonitor.ca/crude.php?acr=OSH, respectively.  
b Maya and Dubai (Fateh) data from:  
http://www.etc-cte.ec.gc.ca/databases/Oilproperties/; Jacobs Consultancy and Life Cycle Associates.  2009.  Life Cycle Assessment Comparison of North American and Imported 
Crudes.   File No. AERI 1747.  Prepared for Alberta Energy Research Institute.  July 2009 
International Crude Oil Market Handbook 2010 2010 Edition (http://www.energyintel.com/print_me.asp?document_id=655316&pID=127); 
Maxwell, I.E. and W.H.J. Stork.  2001.  Hydrocarbon processing with zeolites (Table 11.  Typical properties of heavy oil fractions).  Chapter 17 In: Studies in Surface Science and 
Catalysis 137.  H. van Bekkum, E.M. Flanigen, P.A. Jacobs, and J.C. Jansen  eds.  Elsevier Science.  B.V., Amsterdam., p. 798. 
Nickerson M. and O’Brien T.  Hydrogen sulfide in petroleum.  Baker Petrolite Corp.  Presentation http://www.sufree.net/HYDROGEN%20SULFIDE%20IN%20PETROLEUM.PDF 
c Bachaquero http://www.etc-cte.ec.gc.ca/databases/Oilproperties/;and Petrozuata. 
d Cold Lake Blend from: 
 www.exxonmobil.com/apps/crude_oil/crudes/mn_cold.html;  http://www.crudemonitor.ca/report.php?acr=CL 
Crandall, G.R. and Purvin & Gertz.  1998.  Canadian Heavy Crude / Bitumen Markets: Drivers and Challenges.  No. 1998.094.   
http://www.oildrop.org/Info/Centre/Lib/7thConf/19980094.pdf 
e Arabian heavy crude data from:  
Al Darouich, T. F. Béhar, C. Largeau, and H. Budzinski.  2005.  Separation and Characterisation of the C15- Aromatic Fraction of Safaniya Crude Oil.  Oil & Gas Sci. Technol.Rev. IFP.  
60:681-695;  
El-Sabagh, S.M. 1998. Occurrence and distribution of vanadyl porphyrins in Saudi Arabian crude oils.  Fuel Processing Technol 57:65-78 
McKetta, J.J. 1992.  Petroleum Processing Handbook.  Marcel Dekker, Inc. New York, NY.  p.121  
http://www.etc-cte.ec.gc.ca/databases/Oilproperties/pdf/WEB_Arabian_Heavy.pdf 
f White, S. and T. Barletta. 2002.  Refiners processing heavy crudes can experience crude distillation problems.  Oil & Gas J. Nov 18, 2002 
g Warren, K.W. 2002.  New tools for heavy oil dehydration. SPE Internl Thermal Ops and Heavy Oil Symposium & Internl Horizontal Well Technol Conf., Calgary, Alberta, CAN, 4-7 
Nov.  6 pp.   
h Sams G.W. and Warren K. 2006.  New electrostatic technology for desalting crude oil.  National Petrochemical & Refiners Association, Spring National Conference, March 2006. 

 3-114 
Supplemental Draft EIS  Keystone XL Project 



 

 3-115 
Supplemental Draft EIS  Keystone XL Project 

 
3-115 

 

S
upplem

ental D
raft E

IS
 

 
K

eystone X
L P

roject 

i  Average for WCSB crude oils per Hollebone, B.P. and C.X. Yang,  2007, including the higher average of 2.2 mg/kg volume-weighted concentration in synthetic crude oils produced 
from Alberta oil sands.  Mercury in Crude Oil Refined in Canada, Environment Canada, Ottawa, ON. 82 pp. 
j  Two estimates for mercury in Maya crude by Acosta y Asociados (2001) and EPA (1997) as cited by Acosta y Asociados (2001).  Acosta y Asociados  Preliminary atmospheric 
emissions inventory of mercury in Mexico.  Project CEC-01.   Prepared for Commission for Environmental Cooperation (No. 3.2.1.04).  May 30, 2001.  P. 18-19. 
U.S. Environmental Protection Agency.  1997.  Mercury study report to Congress.  EPA/452/R-97/003 (NTIS PB98-124738)  Office of Air Quality Planning and Standards, Research 
Triangle Park, NC and Office of Research and Development, Washington DC. 
k Average for all Venezuelan oil types (Wilelm et al. 2007) 
Wilhelm, S. M., L. Liang, D. Cussen, and D. Kirchgessner.  2007.  Mercury in crude oil processed in the United States.  Environ. Sci. Technol., 41 (13): 4509, 2007. 
l Swafford, P.  2009.   Understanding the quality of Canadian bitumen and synthetic crudes.   Crude Oil Quality Group Meeting.  February 26, 2009.  32 pp.  
m  Oil & Gas Journal Data Book, 2006.  p. 240.  Data for light and medium Alberta crudes; H2S data not obtained for Western Select or Suncor Synthetic crudes but the content would 
likely be comparable to the listed range. 
http://books.google.com/books?id=YmLik9YY4uUC&pg=PA240&dq=canadian+crude+h2s&hl=en&ei=fcJoTc36HYSusAO1qJT9Cw&sa=X&oi=book_result&ct=result&resnum=2&ved=0
CEUQ6AEwAQ#v=onepage&q=canadian%20crude%20h2s&f=false (last accessed 26 Feb 2011) 
n Capline Systen Crude Oil Properties and Quality Indicators.  7 Jan 2004.  http://www.caplinepipeline.com/documents/CaplineCrudeListq_4_qtr_2003.pdf (last accessed  26 Feb 
2011).  
p Ancheyta, J. and J.G. Speight.  2007.  Hydroprocessing of heavy oils and residua.  CRC Press. 345 pp. 



 

Sediment and Water Content  

A substantive amount of water and inorganic particulate material is entrained in heavy crude oil during 
extraction and production.  However, in its tariff stipulations, the U.S. Federal Energy Regulatory 
Commission (FERC) would require that the proposed Project reject crude oil streams that exceed a 
combined bottom (or basic) sediment and water (BS&W) content of 0.5 percent by volume.  Specifically, 
Article 4 (Quality) of the FERC tariff would set forth the following specifications to govern the quality of 
the crude oil that shippers may tender for transportation in the proposed pipeline: 

“4.1 Permitted Petroleum.  

Only that Petroleum having properties that conform to the specifications of Petroleum described 
in Sections 4.2, 4.3 and 4.4 following will be permitted in the Pipeline System. Shipper will not 
Tender to Carrier (Keystone XL), and Carrier will have no obligation to accept, transport or 
deliver Petroleum which does not meet said specifications. 

4.2 Specifications of Petroleum.  

For the purposes of Section 4.1, the specifications of the Petroleum shall be as follows: (i) Reid 
Vapor Pressure shall not exceed one hundred and three kilopascals (103kPa); (ii) sediment and 
water shall not exceed one-half of one percent (0.5%) of volume, as determined by the centrifuge 
method in accordance with ASTM D4007 standards (most current version) or by any other test 
that is generally accepted in the petroleum industry as may be implemented from time to time; 
(iii) the temperature at the Receipt Point shall not exceed thirty-eight degrees Celsius (38°C); (iv) 
the density at the Receipt Point shall not exceed nine hundred and forty kilograms per Cubic 
Meter (940 kg/m3); (v) the kinematic viscosity shall not exceed three hundred and fifty (350) 
square millimeters per second (mm2/s) determined at the Carrier’s reference line temperature as 
posted on Carrier’s electronic bulletin board; and (vi) shall have no physical or chemical 
characteristics that may render such Petroleum not readily transportable by Carrier or that may 
materially affect the quality of other Petroleum transported by Carrier or that may otherwise 
cause disadvantage or harm to Carrier or the Pipeline System, or otherwise impair Carrier’s 
ability to provide service on the Pipeline System. 

4.3 Modifications to Specifications.  

Notwithstanding Sections 4.1 and 4.2, or any other provision in these Rules and Regulations to 
the contrary, Carrier shall have the right to make any reasonable changes to the specifications 
under Section 4.2 from time to time to ensure measurement accuracy and to protect Carrier, the 
Pipeline System or Carrier’s personnel, provided that Carrier shall give Shipper reasonable notice 
of such changes prior to filing. 

4.4 Freedom from Objectionable Matter.  

Petroleum shall not contain sand, dust, dirt, gums, impurities or other objectionable substances in 
quantities that may be injurious to Carrier, the Pipeline System or downstream facilities, or which 
may otherwise interfere with the transportation of Petroleum in the Pipeline System.” 

In addition, Special Condition 34 (see Appendix C of this SDEIS) addresses the sediment and water 
content of the crude oil that would be transported by the proposed Project and states the following:   

“Internal Corrosion: Keystone shall limit basic sediment and water (BS&W) to 0.5% by volume 
and report BS&W testing results to PHMSA in the annual report.” 

Any WCSB or other crude oils would need to meet this BS&W standard before the crude oil would enter 
the proposed pipeline (and hence supplied to a refinery).  This BS&W requirement would minimize 
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damage to pipeline and refining equipment from corrosion and abrasive wear, and would also reduce the 
inefficiency of transporting and processing BS&W constituents.   

Bitumen produced by the original naphtha solvent-based process (dilution centrifuge as practiced by 
Suncor and Syncrude) has approximately 0.3 to 0.5 percent solids and 1 to 2 percent water.  This makes it 
unsuitable for pipelining and direct sale to traditional refineries.  However, a paraffinic solvent process 
commercialized in the Shell-led Albian Sands project has provided the means to produce bitumens that 
are lower in asphaltenes, substantively lower in BS&W, and more easily blended with other refinery feed 
stocks (Oil Sands Technology Roadmap: Unlocking the Potential Mining Based Bitumen Extraction).  
This product meets the necessary 0.5 percent BS&W limit for pipeline transport.  The post-dehydration 
level of the Western Canadian Select crude oil also meets the BS&W transport requirement as shown in 
Table 3.13.5-3. 

Comparison of WCSB Conventional and Oil Sands Derived Crude Oils 

Conventional (i.e., non-oil sands derived) medium and heavy crude oils from the WCSB have been 
transported to U.S. markets by pipeline and refined in U.S. refineries for many years.  Overall Canadian 
crude oil imports to the U.S. approached 2 million bpd and much of this crude oil originated in the 
WCSB.  It is therefore appropriate to compare key components of the composition of those crude oils 
with the WCSB oil sands derived crude oils that would be transported by the proposed Project.  As stated 
previously, key concerns include BTEX content and sediment content in the various crude oils. 

It is interesting to note that the BTEX content of non oil sands derived (i.e., conventional) medium to 
heavy WCSB crude oils is similar to the BTEX content of oil sands derived dilbit crude oils that would be 
transported by the proposed Project and less than the BTEX content of oil sands derived synthetic crude 
oils (see Table 3.13.5-4).       

TABLE 3.13.5-4 
API Gravity and Total BTEX Content for Both Medium to Heavy WCSB Conventional (non-oil 

sands derived) and WCSB Oil Sands Derived Crude Oils  
Crude Name (Origin) API Gravity Total BTEXa (ppm) 
Western Canadian Select (DilSynBit) 21.3 7,700 – 9,100 

Suncor Synthetic A 35.8 11,100 

Cold Lake Blend (DilBit) 21.6 9,800 

SynCrude Synthetic (Canada) 31.7 13,100 

CNRL Light Sweet Synthetic (Canada) 35 9,500 

Bow River South (BRS) – Conventional 23.3 9,300 

Lloyd Blend (LLB) – Conventional  20.9 9,700 

Western Canadian Blend (WCB) – Conventional 20.7 5,800 

a BTEX = benzene, toluene, ethylbenzene, xylenes. 
Source:  Crude Quality Inc. 2010. 

A comparison of the sediment content of non oil sands derived (i.e., conventional) WCSB medium to 
heavy crude oils to the sediment content of oil sands derived WCSB crude oils (dilbit, synbit, dilsynbit) 
indicates that the sediment content of the conventional crude oils is on average higher than the sediment 
content of the oil sands derived crude oils typical of those that would be transported by the proposed 
Project (see Table 3.13.5-5). 
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TABLE 3.13.5-5 
API Gravity and Total Sediment Content for Both Medium to Heavy WCSB Conventional (non-oil 

sands derived) and WCSB Oil Sands Derived Crude Oils  
Crude Name (Origin) API Gravity Total Sediment (ppmw)a 

WCSB Conventional   

Midale (MSM) 30.3 ± 0.6 380 ± 185 

Mixed Sour Blend (SO) 31.3 ± 2.2 335 ± 71 

SHE (SHE) 35.2 ± 2.2 285 ± 191 

Bow River North (BRN) 21.5 ± 1.2 360 ± 136 

Bow River South (BRS) 23.3 ± 0.6 219 ± 73 

Fosterton (F) 20.4 ± 0.6 224 ± 53 

Lloyd Blend (LLB)  20.9 ± 0.8 364 ± 95 

Lloyd Kerrobert  (LLK) 20.6 ± 0.8 324 ± 84 

Western Canadian Blend (WCB) 20.7 ± 0.8 288 ± 104 

WCSB Dilbit, Synbit, Dilsynbit   

Access Western Blend (AWB) 21.9 ± 0.9 231 ± 211 

Cold Lake (CL) 20.8 ± 0.8 176 ± 103 

Peace River Heavy (PH) 20.7 ± 0.7 179 ± 101 

Seal Heavy (SH) 20.6 ± 0.8 215 ± 118 

Smiley-Coleville (SC) 20.0 ± 0.7 238 ± 69 

Wabasca Heavy (WH) 20.3 ± 0.7 183 ± 110 

Western Canadian Select (WCS) 20.6 ± 0.8 392 ± 95 

Long Lake Heavy (PSH) 20.7 ± 1.1 217 ± 248 

Surmont Heavy Blend (SHB) 19.6 ± 0.6 187 ± 166 

Suncor Synthetic H (OSH) 19.8 ± 0.3 187 ± 133 

Albian Heavy Synthetic (AHS) 19.2 ± 0.3 714 ± 274 

a ppmw = parts per million by weight. 
Source:  Crude Quality Inc. 2010. 

These sediment measurements do not include the specific composition of the type of sediment in the 
crude oil streams.  Potential effects on pipeline corrosion related to sediment composition likely depend 
on specific sediment characteristics, including hardness and particle size distribution.  There are anecdotal 
industry reports suggesting that the sediment in oil-sands crudes may contain from 7 to 25 percent of 
harder sediments, such as silicates (quartz/sand) and iron sulfide (pyrite).  However, there is no readily 
available public information on the specific composition of sediments in conventionally produced crudes 
to compare with this anecdotal information.  Special Condition 33 of the 57 Project-specific Special 
Conditions developed in consultation with PHMSA and accepted by Keystone includes a requirement that 
Keystone build the Project to allow internal inline inspection (pigging) throughout and that it prepares and 
implements a corrosion mitigation and integrity management plan for segments that for any reason do not 
allow the passage of the inline inspection device.  Special Condition 34 requires Keystone to limit basic 
sediment and water to 0.5 percent by volume and to annually report testing results to PHMSA.  
Additional measures include requirements to conduct cleaning runs twice in the first year of operation, 
and at least annually thereafter, and to test the liquids collected during those cleaning runs, including 
basic sediment and water.  Special Condition 34 also requires that Keystone develop internal corrosion 
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mitigation plans based on the results of those tests.  This means that if the crude oil transported through 
the pipeline (whether produced conventionally or from the oil sands) did contain higher amounts of 
relatively hard sediments that might pose additional internal corrosion risk, Keystone would be required 
to develop a corrosion mitigation plan specifically to address that risk. 

Habitat, Natural Resources, and Human Use Receptors 

The impact of an oil spill would be heavily influenced by the types of receptors (i.e., habitats, natural 
resources, and human uses) that might be exposed to the oil.  For this EIS, these receptors are generally 
categorized and described in the following bulleted list, in increasing order of likely environmental 
impacts and concern to the spectrum of potential stakeholders:11   

• Terrestrial–agricultural land.  Includes grazing, field and row crops, fallow fields, and similar 
land uses. 

• Terrestrial–natural habitat.  Includes native and second-growth forests, naturally restoring 
grasslands, and similar areas that are not being used directly by people for commercial purposes. 

• Groundwater.  Emphasis is on areas where a public drinking groundwater aquifer is close to the 
ground surface and/or is overlain by soils permeable to oil or by karst formations. 

• Aquatic–wetland habitat.  Includes all areas that meet the definition of wetlands.   

• Aquatic–lake/pond habitat.  Includes agricultural stock ponds, irrigation and drainage ditches, 
small and large lakes, reservoirs, and similar non-flowing waterbodies. 

• Aquatic–stream/small river habitat.  Includes smaller flowing waterbodies as well as those that 
are intermittent or ephemeral.  These generally do not support commercial boat traffic and are not 
restricted with dams or major reservoirs.  Some may support important recreational resources and 
activities or may be limited in beneficial uses. 

• Aquatic–large river habitat.  Includes large flowing waterbodies (e.g., Yellowstone River, White 
River, Niobrara River, Platte River, Missouri River, Loup River, Red River, and Canadian River) 
that are perennial, may support commercial traffic, and/or may be restricted by dams and major 
reservoirs. 

• Threatened and endangered species and their critical habitat.  Most are USAs and are a special 
case of resources that may be found in any of the habitats but are limited in population size or 
spatial distribution. 

• Human use–residential.  Areas where the proposed pipeline ROW is near rural, suburban, or 
urban populations.  Towns and cities generally have population densities that qualify the area as 
an HCA.  Areas of special concern include any concentrations of low-income or minority 
populations that could represent environmental justice issues. 

• Human use–recreational.  Areas, especially lakes, small and large rivers, and reservoirs and 
associated parks used by people for various recreational activities. 

• Human use–commercial.  Areas that may be closed to normal use during a spill response action 
and result in substantive economic impacts.   

                                                 
11 The directly impacted stakeholders (e.g., ranchers, farmers, homeowners) would likely consider the impacts to 
their resources as very high concern regardless of the overall impact in an ecosystem context.  Also, USAs and 
HCAs would be considered sensitive receptors due to their designation and their ecological or human use 
significance. 
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• Human use–surface water intakes.  Many public water intakes are located in reservoirs, and large 
rivers. Human uses include drinking water, industrial cooling water, and/or agricultural water.   

Season 

The season in which a spill occurs could dramatically influence spill behavior, fate, impacts, and cleanup 
response actions.  Seasonal variations in potential spill behavior are addressed in this section. 

Spring-Fall 

The length and timing of the spring-fall season depends on location along the proposed pipeline route and 
the ambient weather regime.  For this EIS, this time period is generally defined as the period when the 
ground is mostly free of snow and access to the proposed pipeline ROW is not restricted by snow and ice.  
Most of the rivers and creeks are flowing; ponds, lakes, and reservoirs exhibit open water; land is mostly 
snow-free; and biological use of land and waterbodies is high.  Currents, winds, and passive spreading 
forces would disperse spills that reach the waterbodies.  Spills to land would directly affect the vegetation, 
although dispersal of the spilled material is likely to be impeded by the vegetation.  Spills to wetlands 
may float on the water or be dispersed over a larger area than would spills to dry land or to ice and/or 
snow-covered land and waterbodies associated with the wetlands. 

Winter 

Winter is the period when waterbodies may be covered with ice and possibly snow, and the land surface 
may be partially to completely covered with snow.  Dispersal of oil spilled to the land generally would be 
slowed, although not necessarily stopped, by the snow cover.  Depending on the depth of snow cover as 
well as the temperature and volume of spilled material, the spill may reach the underlying dormant 
vegetation or wetlands, ponds, and lakes.  Similarly, spills to flowing rivers and creeks generally would 
be restricted in area by the snow and ice covering the waterbody, compared to seasons with little or no 
snow and ice cover.  Spills under the ice to creeks, rivers, and ponds/lakes might disperse slowly as the 
currents are generally slow to non-existent in winter.  However, because of snow and ice, winter spills 
may be harder to detect and, when found, more difficult to contain and clean up.   

Freeze-up and Breakup in Aquatic Environments 

Freeze-up is the transition time in the fall when the lakes and rivers begin to freeze over in the northern 
regions of the pipeline route.  Breakup or spring melt is the short transition period between winter and 
spring when thawing begins, ice thins and/or breaks up, and river flows increase substantively and 
quickly, often to flood stages.  Major floods may cause bank erosion and ultimately pipeline failure, with 
the oil entering the river and likely being widely dispersed and difficult to contain or clean up. 

An oil spill that results in oil reaching waterbodies during either freeze-up or breakup may be difficult to 
contain, remove and cleanup.  The ice may not be strong enough to support people or equipment.  In 
rivers, the oil may be transported several miles under the ice or in broken ice before it can be contained.  
Once the ice is strong enough to support people and equipment, it may be more difficult to detect the oil 
under the ice and to implement measures to affect rapid containment/cleanup at and near the spill site.   

Weather and Water Levels 

Weather, especially rapid warming periods and heavy rainfall, may cause rapid ice melt in rivers, 
snowmelt and runoff.  These could result in major flood flows that breach levees along larger rivers, 
erode river banks, alter channels, and expose the proposed pipeline to forces that may break or rupture it.  

 3-120 
Supplemental Draft EIS  Keystone XL Project 



 

This scenario, although a very low-likelihood event especially at HDD crossings, could occur at large or 
small stream or river crossings not spanned by HDD12.  If spilled oil is released to the flooded area, 
especially to flowing waters, oil could be distributed to adjacent terrestrial, wetland, and aquatic habitats 
that normally would not be exposed.  These habitats and natural resources, as well as human uses of the 
habitats and resources, may be exposed to the spilled material.   

Concern was expressed in comments on the draft EIS relative to potential spray zones associated with 
operational leaks from the proposed pipeline.  Winds, especially high-velocity sustained winds, could 
spread material released under pressure from hole(s) in the top hemisphere of an exposed portion of the 
pipeline to create a “spray zone.”  To generate a spray zone a potential leak would need to occur on the 
upper hemisphere of the proposed pipeline.  If corrosion related leaks occurred, they would typically 
occur on the lower hemisphere of the pipeline and would likely be associated with entrained water.  The 
implementation of the Project-specific Special Conditions developed in consultation with PHMSA would 
make such leaks highly unlikely.  Potential leaks on the upper hemisphere of the proposed pipeline would 
likely be associated with accidental equipment impact.  However, the likelihood of such events is 
significantly reduced by the 4-foot minimum cover requirement in most areas and the implementation of 
public awareness and damage prevention programs. However, if such a release were to occur, ejected 
material could form a cloud of mist and fine particles, and could be carried downwind.  The extent of 
distribution would depend on wind velocity, direction of the released spray (e.g., downward into the 
ground, horizontal, or skyward), and characteristics of the release (e.g., pressure in the pipeline, type of 
oil, size of hole).  Under most scenarios, the pressure in the pipeline would drop quickly, the release 
would be highly visible, and immediate pipeline spill control and shutdown actions would be taken13 by 
the CMP and SCADA as well as the onsite personnel.  If a leak would occur on the upper hemisphere of 
the pipeline, Keystone has estimated that the maximum spray zone for an exposed portion of the pipeline 
would be in the range of 75 to 400 feet (i.e., the areal extent of the release to land would be limited to a 
few acres or less in the immediate area of the release point and downwind of the release point).   

Major flooding or adverse weather conditions (e.g., high winds, tornados, blizzards, and extreme cold) 
could limit Keystone’s ability to detect small releases and/or hinder the spill response contractors from 
implementing timely and effective oil spill containment and cleanup operations.  Response actions 
appropriate for these conditions would be addressed in the ERP and SPCC (Appendix C of the draft EIS).   

3.13.5.2 Keystone Response Time and Actions 

For spills ranging in magnitude from very small to substantive, response time and actions by responders 
would most likely prevent the oil from reaching sensitive receptors or would contain and clean up the 
spills before significant environmental impacts occurred.  Most spills in this category are likely to occur 
on construction sites or at operations and maintenance facilities, and would not be released to the 
environment outside of these Project-related areas. 

For large spills, very large spills and potentially some substantive spills, especially those that reach 
aquatic habitats, the response time between initiation of the spill event14  and arrival of the response 
contractors would influence the magnitude of impacts to the environmental resources and human uses.  
                                                 
12 These type of events account for less than 4 percent of spills (see Table 3.13.1-3) and Keystone has a proactive, 
preventative plan to shut down the pipeline if severe weather or any other natural event poses a threat to the pipeline 
integrity.   
13 The SCADA system would shut down the pipeline within 12 minutes of detection of the release (Sections2.4.2.1 
and 3.13.5.5). 
14 “Initiation of the event” means when the oil began to leak or spill to the environment, not when it is detected by 
either the SCADA or other means.  There may be a substantive delay between initiation and detection, particularly 
for slow or pinhole leaks under snow or below ground.   
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This would be particularly true if the oil reaches flowing waters in major rivers.  Once the responders are 
at the spill scene, the efficiency, effectiveness, and environmental sensitivity of the response actions (e.g., 
containment and clean up of oil, and protection of resources and human uses from further oiling) would 
substantively influence the type and magnitude of additional environmental impacts. 

In response to a DOS data request, Keystone presented its approach to spill response under two 
hypothetical spill scenarios defined by DOS.  The two spill scenarios presented to Keystone and its 
response to these scenarios provide an opportunity to review the level of preparedness and foresight that 
would be in place relative to potential spills from the proposed Project. 

The first hypothetical spill occurs in the summer in an area with deep groundwater, relatively flat terrain, 
at least 2 miles from any navigable stream, no wetlands within 1 mile, and with no nearby private water 
wells or public water intakes.  The second hypothetical spill occurs in the winter in an area of relatively 
shallow groundwater (25 feet bgs), sloping terrain, nearby wetlands, and a navigable stream within 1,000 
feet, including private water wells within 100 feet of the release site and a public water intake 2 miles 
downstream. 

For each of these scenarios, Keystone describes the following: 

• Response procedures including pipeline shutdown, commencement of field response, spill 
assessment, and development of incident command post; 

• The potential horizontal and vertical spread of crude oil into the environment; 

• Response tactics employed for source control; 

• Cleanup approaches for spills on land including containment methods and removal methods; 

• Cleanup approaches for spills to groundwater including options for short- and long-term 
remediation; 

• Cleanup approaches for spills on calm or slow moving water (lake or pond) and to flowing water 
(stream or river); 

• Cleanup approaches for spills that occur on ice or under ice; and 

• Cleanup approaches for spills in wetland areas. 

DOS and PHMSA have reviewed these hypothetical spill response scenarios prepared by Keystone and 
would also review a final ERP to be prepared by Keystone prior to startup of the proposed pipeline (see 
Section 2.4.2.2 for additional information on the Keystone ERP).  Based on its review of the hypothetical 
spill response scenarios, DOS considers Keystone’s response planning appropriate and consistent with 
accepted industry practice.  

3.13.5.3 Factors Affecting the Behavior and Fate of Spilled Oil 

The primary and shorter-term processes that affect the fate of spilled oil are spreading, evaporation, 
dispersion, dissolution, and emulsification (Payne et al. 1987, Boehm 1987, Boehm et al. 1987, Overstreet 
and Galt 1995).  These processes are called weathering.  Weathering dominates during the first few days 
to weeks of a spill.  A number of longer term processes also occur, including photo-degradation and 
biodegradation, auto-oxidation, and sedimentation.  These longer-term processes are more important in 
the later stages of weathering and usually determine the ultimate fate of the spilled oil that is not 
recovered by the cleanup program. 
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The chemical and physical composition of oil changes with weathering.  Some oils weather rapidly and 
undergo extensive changes in character, whereas others remain relatively unchanged over long periods.  
Because of evaporation, the effects of weathering are generally rapid (one to a few days) for 
hydrocarbons with lower molecular weights (e.g., gasoline, aviation gas, and diesel).  Degradation of the 
higher weight fractions (e.g., crude oil, transmission and lube oil, and hydraulic fluid) is slower and 
occurs primarily through microbial degradation and chemical oxidation.  The weathering or fate of spilled 
oil depends on the oil properties and on environmental conditions, both of which can change over time. 

Spreading 

Spreading reduces the bulk quantity of oil present in the vicinity of the spill but increases the spatial area 
over which adverse effects could occur.  Thus, oil in flowing systems (e.g., rivers and creeks) rather than 
contained systems (e.g., wetlands, ponds, and lakes) would be less concentrated in any given location but 
could cause impacts, albeit reduced in intensity, over a larger area.  Spreading and thinning of spilled oil 
also increases the surface area of the slick; enhancing surface-dependent fate processes such as 
evaporation, biodegradation and photo-degradation (see below), and dissolution.  However, experience on 
previous oil spills suggests that the degree of spreading of an oil spill from the spill source is constrained 
by natural conditions in the vicinity of the release site.  For example, in a crude oil release from a pipeline 
system on August 20, 1979 near Bemidji, Minnesota, approximately 10,700 barrels of crude oil was 
released onto a glacial outwash deposit consisting primarily of sand and gravel.  As of 1996 the leading 
edge of the oil remaining in the subsurface at the water table had moved approximately 131 feet down 
gradient from the spill site and the leading edge of the dissolved contaminant plume had moved about 650 
feet down gradient.  Spreading in subsurface water is discussed further in 3.13.6.3. 

Adsorption 

Crude or refined oil dispersed in soil would adsorb or adhere to soil particles.  Crude oil would usually 
bind most strongly with soil particles in organic soils and less strongly with soil particles in sandy soils.  
In water, heavy molecular weight hydrocarbons may bind to suspended particulates, and this process can 
be significant in highly turbid or eutrophic waters.  Organic particles (e.g., biogenic material) in soils or 
suspended in water tend to be more effective at adsorbing oils than inorganic particles (e.g., clays). 
Sorption processes and sedimentation reduce the quantity of heavy hydrocarbons present in the water 
column and available to aquatic organisms.  However, these processes also render hydrocarbons less 
susceptible to degradation.  Oil in sediment tends to be highly persistent and can cause chronic impacts. 

Evaporation 

Evaporation is the primary mechanism for loss of low-molecular-weight constituents and light oil 
products.  However, recent studies related to the MC-252 oil spill in the Gulf of Mexico (Deepwater 
Horizon incident) indicate that higher molecular weight constituents from spilled oil also volatilize over 
time and distance from the spill source (De Gouw 2011).  As lighter components evaporate, remaining 
petroleum hydrocarbons become denser and more viscous.  Evaporation tends to reduce oil toxicity but 
enhance persistence.  Hydrocarbons that volatilize into the atmosphere are broken down by sunlight into 
smaller compounds.  This process, referred to as “photo-degradation,” occurs rapidly in air; the rate of 
photo-degradation decreases as molecular weight increases.   

Dispersion 

Dispersion of oil is the spreading of oil in water and dispersion increases when water surface turbulence 
increases.  Wind, gravity, tidal currents, or broken ice movement could cause the turbulence.  Dispersion 
of oil into water increases the surface area of oil susceptible to dissolution and degradation processes, and 
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thereby limits the potential for physical impacts.  However, some of the oil could become dispersed in the 
water column or on the bottom as it adheres to particulate matter suspended in the water column.  The 
presence of particulates, including organic matter, silt and clay, and larger sediment particles, is likely to 
be greatest during spring ice breakup, flood flows, and wind storms. 

Dissolution 

Dissolution of oil involves soluble oil components dissolving in a water column.  Dissolution in water is 
not the primary process controlling the fate of the oil in the environment (i.e., oil generally floats on 
rather than dissolves into water).  Despite the characterization of crude oil that would be transported by 
the proposed Project as heavy crude oil, it would still be lighter than water based on its characteristic 
specific gravity.  Some crude oil components are water-soluble and to the extent that dissolution does 
occur, it is one of the primary processes affecting the toxic effects of a spill, especially in confined 
waterbodies.  Dissolution increases with decreasing hydrocarbon molecular weight, increasing water 
temperature, decreasing water hardness or “salinity,” and increasing concentration of dissolved organic 
matter.  Under the same environmental conditions, lighter weight petroleum hydrocarbons (e.g., BTEX) 
would dissolve more readily than the heavier fractions such as PAHs. 

Emulsification 

Emulsification is the incorporation of oil in water in a colloidal suspension.  During emulsification, small 
drops of water become surrounded by oil.  External energy from wave or strong current action is needed 
to naturally emulsify oil.  In general, heavier oils emulsify more readily than lighter oils.  The oil could 
remain in a slick, which could contain as much as 70 percent water by weight and could have a viscosity 
of a hundred to a thousand times greater than the original oil.  Water-in-oil emulsions often are referred to 
as “mousse.” Emulsifications are more common in large water bodies (e.g., large lakes, major rivers, and 
the ocean) where waves and/or currents mix the surface waters than in smaller water bodies where this 
mixing energy is usually much less.    

Some commenters on the draft EIS were concerned that the bitumen component of WCSB crude oil that 
would be transported by the proposed Project (specifically dilbits), if released to a waterbody, would be 
expected to sink and accumulate on the underlying bed of the waterbody leading to difficult cleanup 
during spill response.  This concern is apparently based on the characteristics of a bitumen-based product 
called Orimulsion.  This product is a combination of bitumen (about 70 percent), water (about 30 
percent), and surfactants (less than 1 percent) and forms an emulsion (colloidal suspension) that is 
materially different from the crude oils that would be transported by the proposed Project.  Since the 
ingredients of Orimulsion do not form a solution when combined, they separate into bitumen particles, 
water, and surfactant when released into water.  Additionally, since the specific gravity of the bitumen is 
either equal to or greater than the specific gravity of water, it can sink after de-emulsification.  This does 
not occur in dilbits, such as the Western Canadian Select crude oil, because the bitumen blended with 
diluents forms a solution with a specific gravity less than water that would not separate when released and 
that would initially tend to form a lenticular mass that would float on the water column.  However, given 
sufficient time for volatilization and biodegradation, any crude oil residuum can become more dense than 
water and sink.  

Photo-degradation 

Photo-degradation of oil increases with greater solar intensity.  It can be a significant factor controlling 
the disappearance of a slick, especially of lighter constituents, but it would be less important during 
cloudy days and in winter months.  Photo-degraded petroleum constituents tend to be more soluble and 
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more toxic than parent compounds.  Extensive photo-degradation leading to increased dissolution could 
increase the biological impacts of a spill event.   

Biodegradation 

Biodegradation is the breakdown of compounds by native or introduced microorganisms.  Biodegradation 
of oil by native microorganisms, in the immediate aftermath of a spill, would likely not be a significant 
process controlling the fate of oil in waterbodies previously unexposed to oil.  Although oil-degrading 
microbial populations are ubiquitous at low densities, a sufficiently large population must become 
established before biodegradation can proceed at any appreciable rate.  Biodegradation is typically a long-
term (weeks to years) process that reduces both the toxicity and volume of spilled oil.   

3.13.5.4 Summary of Environmental Factors Affecting the Fate of Spilled Oil 

The environmental fate of released oil and oil products is controlled by many factors.  Major factors 
affecting environmental fate include the spill volume, spill rate, oil temperature, terrain, receiving 
environment, time of year, and weather.  Crude oil would weather differently than diesel or refined 
products in that both diesel and refined products would evaporate faster and dissolve to a greater degree 
into water than crude oil.   

The characteristics of the receiving environment, such as the type of land cover, soil porosity, land 
surface topography and gradient, type of freshwater body, presence of ice and/or snow cover on water or 
land, and flowing water current velocity, would affect how the spill behaves.  In ice-covered waters, many 
of the same weathering processes occur as in open water.  However, ice changes the rates and relative 
importance of these processes (Payne et al. 1991). 

The time of year when a spill occurs has a major effect on the fate of crude oil.  The time of year controls 
climatic factors such as temperature of the air, water, or soil; depth of snow cover; presence of ice; and 
the depth of the active (soil frost) layer.  During winter, colder air temperatures can modify the viscosity 
of oil so that it would spread less and potentially solidify.  Temperature also affects the rate of 
evaporation of the volatile fraction of hydrocarbons.  Frozen ground would limit the depth of penetration 
of any spill.  Weather could also affect the ability to detect, contain, or clean up a spill. 

3.13.5.5 Actions to Prevent, Detect, and Mitigate Oil Spills 

The proposed Project would include processes, procedures, and systems to prevent, detect, and mitigate 
potential oil spills that could occur during operation of the proposed pipeline.  These are summarized 
below.  The final ERP would contain further detail on response procedures and would be completed and 
reviewed by PHMSA prior to granting permission to operate the proposed pipeline.   

Oil Spill Prevention 

Immediate control, containment, and cleanup of released oil are important factors in limiting the spatial 
and temporal effects of a spill.  Keystone conducted a pipeline threat analysis using the pipeline industry-
published list of threats under ASME B31.8S to determine the applicable threats to the proposed pipeline 
(see Appendix P of the draft EIS).  Safeguards were then developed to protect against these potential 
threats, which have been identified as follows:   

• Incorrect pipeline operations (e.g., overpressure of the pipeline); 
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• Materials and construction damage (e.g., flaws such as defective welds, dents, cracks, nicks in the 
coating that are a result of transport or construction, and flaws in the seam of the pipeline created 
during the manufacturing process);  

• Corrosion (e.g., internal, external, and stress-corrosion cracking) including defects that develop 
over time during operation;  

• Accidental damage such as external contact with the pipeline (e.g., third-party backhoes, 
excavators, and drills); and  

• Facility damage from natural hazards (e.g., landslides, floods, and earthquakes). 

Safeguards were included in the proposed Project’s design and would be implemented during 
construction and operations.  These include: 

• Pipe specifications that meet or exceed applicable regulations; 

• Use of the highest quality external pipe coatings (fusion bond epoxy or FBE) to prevent 
corrosion; 

• Providing 4 feet of soil cover over the buried pipeline in most locations, which exceeds federal 
standards; 

• Public awareness and damage prevention programs in accordance with 49 CFR 195.440 and RP 
1162; 

• Implementing a variety of pipeline system inspection and testing programs prior to operation, to 
prevent leaks.  Examples of these programs include: an extensive pipeline quality assurance 
program for pipe manufacturing and coating; non-destructive testing of 100 percent of girth 
welds; hydrostatic testing in conformance with Special Conditions 8 and 22, that require the pipe 
to be subjected to a mill hydrostatic test pressure of 95 percent SMYS or greater for 10 seconds 
and the pre-in service hydrostatic test must be to a pressure producing a hoop stress of a 
minimum 100 percent SMYS for mainline pipe and 1.39 times MOP for pump stations for 8 
continuous hours; 

• An operational pipeline monitoring system (Supervisory Control and Data Acquisition [SCADA]) 
that remotely measures changes in pressure and volume every 5 seconds on a constant basis. 
These data would be immediately analyzed to determine potential product releases anywhere on 
the pipeline system; 

• Periodic pipeline integrity inspection and cleaning programs using internal inspection tools (pigs) 
to detect pipeline anomalies indicating excavation damage, and loss of wall thickness from 
corrosion; 

• Aboveground aerial and ground surveillance inspections (ground-level patrols would be 
undertaken in the event of a suspected leak but would not be routinely undertaken).  The aerial 
inspections would be conducted 26 times per year (not to exceed 3 weeks apart) to detect leaks 
and spills as early as possible, and to identify potential third-party activities that could damage the 
proposed pipeline; and 

• Installing MLVs along the proposed pipeline route in accordance with PHMSA regulatory 
requirements and PHMSA Special Condition 32 (see Appendix C of this SDEIS) to reduce or 
avoid spill effects to PHMSA-defined HCAs. 

In addition to the regulatory requirements and industry standards to be incorporated into the design, 
PHMSA developed a set of Project-specific Special Conditions (see Appendix C of this SDEIS) that have 

 3-126 
Supplemental Draft EIS  Keystone XL Project 



 

been agreed to by Keystone and would be incorporated into the proposed Project.  Incorporation of those 
conditions would result in a Project that would have a degree of safety over any other typically 
constructed domestic oil pipeline system under current code and a degree of safety along the entire length 
of the pipeline system similar to that which is required in HCAs as defined in 49 CFR 195.450. 

Oil Spill Detection 

In addition to the integrity systems and measures that would be implemented as described in Section 
2.4.2.1 to maintain pipeline integrity and minimize spills, the proposed Project would utilize a SCADA 
system that would alert the Operations Control Center (OCC) operator of an abnormal operating 
condition, indicating a possible spill or leak.  SCADA would be installed in accordance with the 
requirements of 49 CFR 195.446 and the Project-specific Special Conditions (see Appendix C of this 
SDEIS).  

SCADA facilities would be used to remotely monitor and control the pipeline system.  This would 
include a redundant fully functional backup system available and ready for service at all times.  
Automatic features would be installed as integral components within the SCADA system to ensure 
operation within prescribed pressure limits.  Additional automatic features would be installed at the local 
pump station level and would provide pipeline pressure protection in the event communications with the 
SCADA host are interrupted. 

Software associated with the SCADA monitoring system and volumetric balancing would be utilized to 
assist in leak detection during pipeline operations.  If pressure indications change, the pipeline controller 
would immediately evaluate the situation.  If a leak is suspected, the ERP would be initiated, as described 
in Section 2.4.2.2.  In the event of a pipeline segment shutdown due to a suspected leak, operation of the 
affected segment would not be resumed until the cause of the alarm (e.g., false alarm by instrumentation, 
or leak) is identified and repaired.  In the case of a reportable leak, USDOT approval would be required to 
resume operation of the affected segment. 

A number of complementary leak detection methods and systems would be available within the OCC and 
would be linked to the SCADA system.  Remote monitoring would consist primarily of monitoring 
pressure and flow data received from pump stations and valve sites that would be fed back to the OCC by 
the SCADA system.  Software based volume balance systems would monitor receipt and delivery 
volumes and would detect leaks down to approximately 5 percent of pipeline flow rate.  Computational 
Pipeline Monitoring or model based leak detection systems would monitor small pipeline segments on a 
mass balance basis.  These systems would detect leaks down to approximately 1.5 to 2 percent of pipeline 
flow rate.  Computer based, non-real-time, accumulated gain/loss volume trending would assist in 
identifying seepage releases below the 1.5 to 2 percent by volume detection thresholds.  If any of the 
software-based leak detection methods indicate that a predetermined loss threshold has been exceeded, an 
alarm would be sent through SCADA and the Controller would take corrective action.  The SCADA 
system would continuously poll all data on the proposed pipeline at an interval of approximately 5 
seconds. 

In the event of a leak, the operator would shut down operating pumping units and close the isolation 
valves.  It would take approximately 9 minutes to complete the emergency shut-down procedure (shut 
down operating pumping units) and an additional 3 minutes to close the isolation valves.  

In addition to the SCADA and complimentary leak detection systems, direct observation methods 
including aerial patrols, intermittent ground patrols, and public and landowner awareness programs would 
be implemented to encourage and facilitate the reporting of suspected leaks and events that could suggest 
a threat to the integrity of the pipeline. 

 3-127 
Supplemental Draft EIS  Keystone XL Project 



 

Oil Spill Response Procedures 

Prior to the proposed Project construction, an SPCC plan consistent with EPA requirements is required to 
guide Keystone response in the event of unintended releases of petroleum products and hazardous 
materials during construction.  SPCC requirements are addressed in Section 2.3 and in the CMR Plan in 
Appendix B of the draft EIS; a draft SPCC plan is presented in Appendix C of the draft EIS.   

Prior to initiation of operation of the proposed Project, an ERP approved by PHMSA is required.  The 
ERP is applicable to the pipeline operations and maintenance activities.  The ERP would not be finalized 
until final definition of proposed Project elements included in all applicable permits.  As noted in Section 
2.4.2.2, an ERP was previously developed by Keystone for the existing Keystone Mainline and Cushing 
Extension project and approved by PHMSA.  The ERP for the proposed Project would have the same 
general approach as presented in the Keystone ERP but would have many specific differences, such as the 
names and contact information for responders along the Project route and the differing environmental and 
public health vulnerabilities along the pipeline corridor.  The publically available portion of the Keystone 
Oil Pipeline System ERP is included as Appendix C of the draft EIS (some of the ERP is considered 
confidential by PHMSA and the U.S. Department of Homeland Security).  The Keystone ERP would be 
used as a template for the ERP for the proposed Project and would include Project-specific information as 
it becomes available.  In addition, as required by 49 CFR 194.107, the response plan submitted to 
PHMSA would include “procedures and a list of resources for responding, to the maximum extent 
practicable, to a worst case discharge, and to a substantive threat of such a discharge.” Once the Project 
route is finalized, field work would commence in collecting relevant information to be incorporated into 
the Project ERP which would then be submitted to PHMSA for review and approval. 

Spill response procedures incorporated in the ERP would be followed in the event of a spill.  Procedures 
that are likely to be included in the final, approved, ERP are summarized in this section.  Additionally, in 
response to a DOS data request, Keystone provided its response procedures for two hypothetical release 
scenarios in areas overlying aquifers.  These release scenarios are included in Appendix C of the draft EIS 
and further discussed in Section 3.13.6.4.   

The ERP standard operating and response procedures would be utilized by the OCC operator in 
responding to abnormal pipeline conditions, including leak alarms.  The OCC operator would have the 
full and complete authority to execute a pipeline shutdown.  Keystone’s OCC operator would follow 
prescribed procedures in responding to possible spills that may be reported from sources such as: 

• Abnormal pipeline condition observed by the OCC operator; 

• Leak detection system alarm; 

• Employee reported abnormal conditions; and 

• Third party reported abnormal conditions. 

Upon receipt of an abnormal condition report, leak report, or leak alarm, the OCC operator would 
implement the following procedures: 

• Follow prescribed OCC operating and response procedures for specific directions on abnormal 
pipeline condition or alarm response; 

• Dispatch First Responders; 

• Shut down the proposed pipeline within a predetermined time threshold if abnormal conditions or 
leak alarm cannot be positively ruled out as a leak;  
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• Complete internal notifications; and  

• Report identified spill to federal (including National Response Center [NRC]), state and local 
responders as required by all applicable reporting regulations.   

All Keystone employees are authorized to communicate directly with the OCC should they observe 
conditions that may signify a possible spill. 

Response Time 

In the event of a potential pipeline leak or spill, the estimated time to complete an emergency pipeline 
shutdown and close remotely operated isolation valves is as follows: 

• Stop pumping units at all pump station locations:  approximately 9 minutes; 

• Close remotely operated isolation valves:  approximately 3 minutes; and 

• Total time:  approximately 12 minutes. 

Consistent with industry practice and in accordance with regulations, Keystone’s response time to transfer 
the necessary resources to a potential leak site would follow an escalating or tier system as required by 49 
CFR 194.115 (Table 3.13.5.6).  Dependent on the nature of site-specific conditions and resource 
requirements, Keystone would meet or exceed the requirements along the entire length of the proposed 
pipeline system. 

TABLE 3.13.5-6 
Response Time Requirements of 49 CFR 194.115 along the Proposed Pipeline 

Area Tier 1 Resources Tier 2 Resources Tier 3 Resources 

High-volume areaa 6 hours 30 hours 54 hours 

All other areas 12 hours 36 hours 60 hours 

a “High-volume area” indicates an area where an oil pipeline with a nominal outside diameter of 20 inches or more crosses a major 
river or other navigable waters; because of the velocity of the river flow and vessel traffic on the river, this area would require a more 
rapid response in the case of a worst-case discharge or the substantive threat of such a discharge. 

Spill Response Equipment 

In general, Tier 1 emergency response equipment would be pre-positioned for access by Keystone 
including: pick-up and vacuum trucks, containment boom, skimmers, pumps, hoses, fittings, and valves, 
communications equipment including cell phones, two-way radios, and satellite phones, containment 
tanks and rubber bladders, expendable supplies, including absorbent boom and pads, assorted hand and 
power tools, including shovels, manure forks, sledge hammers, rakes, hand saws, wire cutters, cable 
cutters, bolt cutters, pliers, and chain saws, personnel protective equipment, including rubber gloves, 
chest and hip waders,  and air monitoring equipment to detect H2S, O2, Lower Explosive Level, and 
benzene concentrations. 

Additional equipment, including helicopters, fixed-wing aircraft, all-terrain vehicles, snowmobiles, 
backhoes, dump trucks, watercraft, bull dozers, and front-end loaders also may be accessed depending on 
site-specific circumstances.  Other types, numbers, and locations of equipment would be determined upon 
concluding the detailed design of the proposed pipeline and completing Keystone’s final ERP.  This plan 

 3-129 
Supplemental Draft EIS  Keystone XL Project 



 

would be completed and submitted to PHMSA for review prior to commencing operations as described 
above. 

The primary task of the Tier 1 response team is to reduce the spread of the spill on the ground surface or 
water in order to protect the public and USAs, including ecological, historical, and archeological 
resources and drinking water locations.  The Emergency Site Manager (also known as the Qualified 
Individual or “QI”) would perform an initial assessment of the site for specific conditions, including the 
following: 

• The nature and amount of the spilled material; 

• The source, status, and release rate of the spill; 

• Direction(s) of spill migration; 

• Known or apparent impact of subsurface geophysical features that may be affected; 

• Overhead and buried utility lines and pipelines; 

• Nearby population, property, or environmental features and land or water use that may be 
affected;  

• Location of HCAs including USAs downcurrent or down gradient from the spill site; and 

• Concentration of wildlife and breeding areas. 

The QI would request additional resources in terms of personnel, equipment, and materials from the Tier 
2 and if necessary, the Tier 3 response teams.  Once containment activities have been successfully 
concluded, efforts would then be directed toward the recovery and transfer of free product.  Site cleanup 
and restoration activities would then follow, all of which would be conducted in accordance with the ERP 
and in conjunction with authorities having jurisdiction.   

Spill Response Personnel and Training 

The number of emergency responders comprising specific response teams would be determined upon 
completion of the proposed Project ERP.  Emergency responders would meet or exceed the requirements 
of 49 CFR Part 194.115, and would typically be comprised of Hazardous Waste Operations and 
Emergency Response (“HAZWOPER”) trained personnel.  The response organization would follow the 
industry-accepted Incident Command System (ICS) and would typically consist of personnel both onsite 
and within an established remote or Regional Emergency Operations Center (EOC). 

Locations of Spill Responders 

Emergency responders would be based consistent with industry practice and in compliance with 
applicable regulations, including 49 CFR 194 and 49 CFR 195.  Consequently, emergency responders 
would be based in close proximity to the following areas: 

• Commercially navigable waterways and other water crossings; 

• Populated and urbanized areas; and 

• USAs, including ecological, historical, and archeological resources and drinking water locations. 

The specific locations of other emergency responders would be determined upon conclusion of the 
detailed location and design of the proposed pipeline, and completion of the ERP.   
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Spill Training Exercises and Drills 

The spill training exercise and drill program would be designed to meet the requirements of the National 
Preparedness for Response Exercise Program Guidelines developed by the USCG and required by the Oil 
Pollution Act of 1990 (OPA 90).  The primary elements of the exercise program are notification 
exercises, tabletop exercises, equipment deployment exercises, contractor exercises, unannounced 
exercises by government agencies, and area-wide exercises up to and including actual field drills 
conducted by industry and government agencies.  

Operating personnel would participate in exercises or responses on an annual basis in order to ensure that 
they remain trained and qualified to operate the equipment in the operating environment and to ensure 
that the ERP is effective.  However, personnel and equipment that are assigned to multiple Response 
Zones would participate in only one deployment exercise per year.   

Mitigation and Liability 

Mitigation 

Federal, state, and local agencies would participate in response activities consistent with their authorities 
and duties under applicable regulations and consistent with the requirements of the ERP.  Required 
mitigation for crude oil or oil products spill impacts would be determined by these agencies.  In addition, 
the state, tribal, and federal natural resource trustee agencies could require a NRDA under either OPA 90 
or the Comprehensive Environmental Restoration Compensation and Liability Act (CERCLA), depending 
on the types of materials spilled, to assess the magnitude of the impacts and the type/amount of suitable 
restoration actions to offset the loss of natural resource services resulting from the spill.   

Liability 

Many commenters requested information regarding what Keystone’s liability would be in the event of an 
accidental release of crude oil from the Project.  Section 1001(32)(B) of the OPA 90 states that in the case 
of an onshore facility, any person owning or operating the facility is the responsible party.  Additionally, 
under Section 1002 of OPA 90, Keystone would be liable for any discharge of oil (or threat of discharge) 
to the navigable waters of the United States and their adjoining shorelines.  The term “navigable waters” 
is defined in OPA 90 as “the waters of the United States, including the territorial sea” (OPA 90).  In Rice 
v. Harken Exploration Co. (2001) the Fifth Circuit confirmed a lower court ruling that groundwater is not 
within the scope of the OPA unless a direct connection to surface waters can be affirmed.  Otherwise it is 
likely that any spill with the potential to contaminate surface waters of the United States would fall within 
the purview of OPA 90.   

Therefore, if there is an accidental release that could affect surface water, no matter what the reason, 
Keystone would be liable for all costs associated with cleanup and restoration as well as other 
compensations, up to a maximum of $350,000,000.  However this statutory liability limit does not apply 
where the incident was proximately caused by (1) gross negligence or willful misconduct of, or (2) the 
violation of an applicable federal safety construction or operating regulation by Keystone or a person 
acting pursuant to a contractual relationship with Keystone.  Additionally, under the CWA, Keystone 
would be liable for up to $50,000,000 for United States removal costs for harmful quantities of oil 
discharged from a Keystone-owned or operated facility unless the discharge was caused solely by an act 
of God, an act of war, negligence by the United States, or the act or omission of a third party.  The limit 
does not apply if the discharge resulted from Keystone’s willful negligence or willful misconduct.  
Keystone would also be liable for damages to natural resources, to real or personal property for the loss of 
subsistence use of natural resources, for the net loss of taxes, royalties, rents, fees or net profit shares from 
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injuries to real or personal property or natural resources, for loss of profits or impairment of earning 
capacity by any claimant, or for net cost of providing increased or additional public services.  There are 
no limits to these liabilities.  Keystone would also be subject to the civil and criminal penalty provisions 
of the CWA.  Keystone would also be subject to penalty provisions of the Rivers and Harbors Act and the 
Pipeline Safety Act.   

However, if a release is caused by negligent or willful acts of others, Keystone may ultimately recover 
costs from those committing the acts since individuals are not automatically protected from liability 
associated with negligent acts or willful misconduct leading to property destruction and environmental 
damage.  Specific liability warrants and indemnifications are included within individual easement 
agreements.  DOS has no regulatory authority to intervene in the negotiation of those agreements.  In 
addition, consideration of liability is beyond the scope of NEPA environmental reviews and is therefore 
not addressed in this EIS.   

3.13.5.6 Types of Oil Spill Impacts 

This section summarizes the types and magnitudes of physical, chemical and biological impacts that may 
occur to a variety of resources and activities due to spills that occur during either construction or 
operation of the proposed Project.  However, due to the potentially greater magnitude of spill size from an 
accidental release from the pipeline during operation, this section focuses primarily on crude oil spills 
from the pipeline.  The descriptions are necessarily somewhat general because of the large number of 
independent spill-related variables listed below, most of which have a wide range of values in magnitude, 
duration, and range of effects depending upon the exposed resource, and many of which are unpredictable 
in spatial and temporal distribution as well as frequency of occurrence.  In addition, there is a wide range 
of values and variability of values for those variables, for the numerous human and natural resources 
encountered along the proposed pipeline route.   

Physical Impacts 

Physical impacts of spills of crude oil or petroleum products to natural resources and human uses 
typically result from physical coating of soils, sediments, plants, animals, or areas used by people.  
Physical impacts include, but are not limited to: 

• Smothering living organisms so they cannot feed or obtain oxygen; 

• Coating feathers or fur, which reduces their insulating efficiency and results in hypothermia; 

• Adding weight to the organism so that it cannot move naturally or maintain balance; 

• Coating sediments and soils, which reduces water and gas (e.g., oxygen and carbon dioxide) 
exchange and affects subterranean organisms; and 

• Coating beaches, water surfaces, wetlands, and other resources used by people which may result 
in offensive odors, visual impacts, as well as soiled livestock, crops, clothes, recreational 
equipment, pets, and hands/feet.  

In aquatic areas with high energy (e.g., waves, turbulent river flows, and/or  high sediment deposition), 
the oil may become buried under or mixed into the substratum where it may remain for extended periods 
of time and may be slowly released to the environment to re-oil downstream habitats and resources.  In 
some cases, the buried oil would be in an anoxic environment and would resist weathering by physical or 
biological processes.  Upon release to the environment, this “unweathered” oil may result in additional 
but delayed impacts.  
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Potential for Explosion and Fire 

Several commenters on the draft EIS expressed concern about the potential for explosion and fire 
associated with the operation of the proposed Project.  Crude oil releases are very unlikely to result in an 
explosion because crude oil contains a relatively small proportion of volatile hydrocarbons and most spills 
do not occur in confined spaces which allow the buildup of vapors to potentially explosive levels.  Almost 
all “petroleum or hydrocarbon pipeline explosions” occur in pipelines that are transporting highly 
flammable, highly volatile hydrocarbons such as natural gas, LPG, propane, LNG, gasoline, naphtha, and 
similar products. The released material from these product and natural gas pipelines could rapidly form a 
flammable vapor cloud that could explode if exposed to an ignition source in a confined area at an 
explosive concentration.  A release of diesel, gas condensate, kerosene, or similar refined liquid 
hydrocarbon will ignite and burn rapidly and seem to “explode” if the vapors are exposed to a fire or 
similar high temperature heat source, usually a fire caused by some other accident.  

The PHMSA database for significant onshore hazardous liquid incidents (PHMSA 2010) indicates that 
only 6 of 2,706 (0.2 percent) reported incidents were attributed to “fire/explosion as a primary cause.”  
Those 6 incidents were related to the release of flammable hydrocarbons, such as gasoline or liquid 
propane, and did not involve releases of crude oil.   

The pump stations for the proposed Project would be powered by electricity.  As a result, there would not 
be natural gas or other flammable fuel at the facilities that could ignite explosively.  A crude oil spill at a 
pump station would likely result in the emission of some hydrocarbon vapors, but the vapors would not 
be emitted into confined spaces and therefore an explosion would be unlikely. 

Chemical and Toxicological Impacts 

Toxicological impacts are a function of the chemical composition of the oil, the solubility of each class of 
compounds, and the sensitivity of the receptor.  The primary classes of compounds found in crude oil are 
alkanes (hydrocarbon chains), cycloalkanes (hydrocarbons containing saturated carbon rings), and 
aromatics (hydrocarbons with unsaturated carbon rings).  Most crude oils are more than 95 percent carbon 
and hydrogen, with small amounts of sulfur, nitrogen, oxygen, and traces of other elements.  Crude oils 
contain lightweight straight-chained alkanes (e.g., hexane, heptane); cycloalkanes (e.g., cyclyohexane); 
aromatics (e.g., benzene, toluene); cycloalkanes; and heavy aromatic hydrocarbons (e.g., PAHs, 
asphaltines).  Straight-chained alkanes are more easily degraded in the environment than branched 
alkanes.  Cycloalkanes are extremely resistant to biodegradation.  Aromatics (i.e., benzene, toluene, 
ethylbenzene, xylenes compounds) pose the most potential for toxic impacts because of their lower 
molecular weight making them more soluble in water than alkanes and cycloalkanes.  

Toxicological impacts are the result of chemical and biochemical actions of petrogenic compounds on 
biological processes of individual organisms (e.g., API 1997, Muller 1987, Neff 1979, Neff and Anderson 
1981, Neff 1991, Stubblefield et al 1995, Sharp 1990, Taylor and Stubblefield 1997).  Impacts may 
include: various toxic effects to animals and birds as they try to remove the oil from their fur or feathers; 
direct and acute mortality; sub-acute interference with feeding or reproductive capacity; disorientation; 
narcosis; reduced resistance to disease; tumors; reduction or loss of various sensory perceptions; 
interference with metabolic, biochemical, and genetic processes; and a host of other acute or chronic 
effects.  A description of toxicological effects of petroleum to both human and natural environment 
receptors is presented in Appendix P of the draft EIS.  

For most construction spills, the volume and areal extent of the oil spill would be limited and generally 
confined to the construction ROW, construction yards, and roadways.  Livestock would typically be 
restricted from these areas until construction activities are completed.  Wild animals, especially birds and 
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mammals, also would tend to avoid these areas during construction.  If a spill does occur and impacts a 
substantive amount of habitat, the response personnel would encourage and assist farmers and ranchers to 
move livestock if necessary. 

Oil spills are not likely to have toxic effects on the general public because of the numerous restrictions 
that local, state and federal agencies would impose to restrict environmental exposure.  Fumes from 
spilled oil could lead to human health effects depending on the intensity and duration of exposure.  The 
reported range of hydrogen sulfide or mercaptan sulfur in WCSB crude oils typical of those that would be 
transported on the proposed Project is from 20 to 100 ppm (see Table 3.13.5-3).  In the event of an oil 
release, the potential human exposure risk would relate to the inhalation of any hydrogen sulfide emitted 
into the air column in the vicinity of the oil spill.  The hydrogen sulfide volatilized into the air column 
would be at concentrations much lower than the concentration in the crude oil.  Olfactory perception of 
hydrogen sulfide occurs for most people at concentrations in the air of approximately 0.2 ppm.  Human 
health effects of exposure to hydrogen sulfide, an irritant and an asphyxiant, depend on the concentration 
of the gas and the length of exposure.  Background ambient levels of hydrogen sulfide in urban areas 
reportedly range from 0.11 to 0.33 parts per billion (ppb), while in undeveloped areas concentrations can 
be as low as 0.02 to 0.07 ppb (Skrtic 2006).  A rotten egg odor characterizes hydrogen sulfide at low 
concentrations, and some people can detect the gas by its odor at concentrations as low as 0.5 ppb (Skrtic 
2006).  In an assessment of risk to first responders at crude oil spill sites, Thayer and Tell (1999) modeled 
atmospheric emissions of hydrogen sulfide from crude oil spills using three different crude oil hydrogen 
sulfide concentrations (1 ppm, 20 ppm, and 350 ppm).   The results of their analysis indicate that 
hydrogen sulfide levels in the immediate aftermath of a crude oil spill at the two higher levels of 
hydrogen sulfide concentration (20 ppm and 350 ppm) could pose short-term health risks (respiratory 
paralysis) to first responders at the spill site.  However, since initial responders do not typically arrive at 
spill sites immediately and model results indicate that even under worst-case conditions (no wind), 
modeled exposures drop to non-toxic levels in less than 4 minutes, hydrogen sulfide exposures would not 
be expected to create substantive health hazards.  The rapid atmospheric dissipation of hydrogen sulfide 
levels indicated by these model results also suggests that risks to the general public would be very small 
to negligible in the event of an oil spill.    

Oil spilled into surface or groundwater supplies that serve as human drinking water sources would be 
detected and monitored until the levels return to safe drinking water levels and the appropriate agencies 
authorize resumption of use of these water supplies.  Water-related activities would be restricted in any 
area where there is oil present at levels that the health agencies and the Incident Commander consider 
unsafe for human exposure.  Private landowners could choose to undertake activities that would increase 
exposure at their own risk. 

Birds typically are the most affected wildlife if exposed to the chemical and toxicological effects of an oil 
spill, whether it is on land or on water (e.g., Holmes 1985, Sharp 1990, White et al 1995).  In addition to 
the potential for external oiling of the feathers and hypothermia or drowning due to loss of flotation, birds 
may suffer both acute and chronic toxicological effects.  Birds are likely to ingest oil as they preen their 
feathers in an attempt to remove the oil.  The ingested oil may cause acute hepatic, gastrointestinal, and 
other systemic impacts resulting in mortality, reduced reproductive capacity, loss of weight, inability to 
feed, and similar effects.  Oiled birds that are nesting or incubating eggs may coat the eggs or young with 
oil and injure or kill them.  Dead oiled birds may be scavenged by other birds as well as mammals.    

Fish and aquatic invertebrates could also experience toxic impacts of spilled oil, and the potential impacts 
would generally be greater in standing water habitats (e.g., wetlands, lakes and ponds) than in flowing 
rivers and creeks.  Also, in general, the impacts would be lower in larger rivers and lakes and much lower 
under flood conditions since the toxic hydrocarbon concentrations would likely be relatively rapidly 
diluted.  
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The concentration of crude oil constituents in a spill would vary both temporally and spatially in surface 
water; however, localized toxicity could occur from virtually any size of crude oil spill.  Acute toxicity 
values of various crude oil hydrocarbons to a broad range of freshwater species are presented in Table 
3.13.5-7.  Acute toxicity refers to the death or complete immobility of an organism within a short period 
of exposure.  The LC50 is the concentration of a compound necessary to cause 50 percent mortality in 
laboratory test organisms.  For aquatic biota, most acute LC50 for monoaromatics range between 10 and 
100 ppm.  LC50 for polyaromatic naphthalene was generally between 1 and 10 ppm, while LC50 values for 
anthracene were generally less than 1 ppm. 

In aquatic environments, toxicity is a function of the concentration of a compound necessary to cause 
toxic effects combined with the compound’s water solubility.  For example, a compound may be highly 
toxic, but if it is not very soluble in water then its toxicity to aquatic biota is relatively low.  The toxicity 
of crude oil is dependent on the toxicity of its constituents.  As an example, Table 3.13.5-8 summarizes 
the toxicity of various crude oil hydrocarbons to the water flea, Daphnia magna.  This species of water 
flea is used as a standard test organism to determine acute and chronic responses to toxicants.  The 
relative toxicity of decane is much lower than for benzene or ethylbenzene because of the comparatively 
low solubility of decane.  Most investigators have concluded that the acute toxicity of crude oil is related 
to the concentrations of relatively lightweight aromatic constituents, particularly benzene.  Because the 
diluted bitumen crude oils have a significant amount of lighter hydrocarbons added, they tend to have 
higher benzene concentrations than many other heavy oils (such as Mexican Maya and Venezuelan 
Bachaquero), but lower than many light crude oils (such as Brent Blend or Alaska North Slope) 
(Environment Canada 2011). 

While lightweight aromatics such as benzene tend to be water soluble and relatively toxic, they are also 
highly volatile.  Thus, most or all of the lightweight hydrocarbons accidentally released into the 
environment evaporate, and the environmental persistence of this crude oil fraction tends to be low.  High 
molecular weight aromatic compounds, including PAHs, are not very water-soluble and have a high 
affinity for organic material.  Consequently, these compounds, if present, have limited bioavailability, 
which render them substantively less toxic than more water-soluble compounds (Neff 1979).  
Additionally, these compounds generally do not accumulate to any great extent because these compounds 
are rapidly metabolized (Lawrence and Weber 1984; West et al.1984).  There are some indications, 
however, that prolonged exposure to elevated concentrations of these compounds may result in a higher 
incidence of growth abnormalities and hyperplastic diseases in aquatic organisms (Couch and 
Harshbarger 1985).  

Significantly, some constituents in crude oil may have greater environmental persistence than lightweight 
compounds (e.g., benzene), but their limited bioavailability renders them substantively less toxic than 
other more soluble compounds.  For example, aromatics with four or more rings are not acutely toxic at 
their limits of solubility (Muller 1987).  Based on the combination of toxicity, solubility, and 
bioavailability, benzene was determined to dominate toxicity associated with potential crude oil spills.  

Chronic toxicity values (most frequently measured as reduced reproduction, growth, or weight) of 
benzene to freshwater biota are summarized in Table 3.13.5-9.  Chronic toxicity from other oil 
constituents may occur, however, if sufficient quantities of crude oil are continually released into the 
water to maintain elevated concentrations.  However, that condition would not result from an accidental 
release from the proposed Project since the release would be a one-time occurrence and would not be 
continuous, and the release would be followed by the required response and repair activities.  



 

TABLE 3.13.5-7 
Acute Toxicity of Aromatic Hydrocarbons to Freshwater Organisms 
 Toxicity Values (ppm) 

Species Benzene  Toluene  Xylenes  Naphthalene  Anthracene 

Carp (Cyprinus carpio)  40.4 --- 780 --- --- 

Channel catfish (Kctalurus) --a 240 --- --- --- 

Clarias catfish (Clarias sp.)  425 26 --- --- --- 

Coho salmon (Oncorhyncus kisutch)  100 --- --- 2.6 --- 

Fathead minnow (Pimephales)  --- 36 25 4.9 25 

Goldfish (Carassius auratus)  34.4 23 24 --- --- 

Guppy (Poecilia reticulate) 56.8 41 --- --- --- 

Largemouth bass (Micropterus) -- -- -- 0.59 --- 

Medaka (Oryzias sp.)  82.3 54 --- --- --- 

Mosquito fish (Gambusia affinis) --- 1,200 --- 150 --- 

Rainbow trout (Oncorhyncus mykis)  7.4 8.9 8.2 3.4 --- 

Zebra fish (Therapon iarbua)  -- 25 20 -- --- 

Rotifer (Brachionus calyciflorus)  >1,000 110 250 --- --- 

Midge (Chironomus attenuatus)  -- -- -- 15 -- 

Midge (Chironomus tentans)  -- -- -- 2.8 -- 

Zooplankton (Daphnia magna)  30 41 --- 6.3 0.43 

Zooplankton (Daphnia pulex)  111 --- --- 9.2 --- 

Zooplankton (Diaptomus forbesi)  --- 450 100 68 --- 

Amphipod (Gammarus lacustris)  -- -- 0.35 -- --- 

Amphipod (Gammarus minus)  -- -- -- 3.9 -- 

Snail (Physa gyrina)  -- -- -- 5.0 -- 

Insect (Somatochloa cingulata)  -- -- -- 1.0 --- 

Chlorella vulgaris  --- 230 --- 25 --- 

Microcystis aeruginosa  -- -- -- 0.85 --- 

Nitzschia palea  -- -- -- 2.8 --- 

Scenedesmus subspicatus  --- 130 --- --- --- 

Selenastrum capricornutum  70 25 72 7.5 --- 

a -- Indicates no value was available in the database; ppm = parts per million. 
Note: Data summarize conventional acute toxicity endpoints from USEPA’s ECOTOX database. When several results were 
available for a given species, the geometric mean of the reported LC50 values was calculated.  
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TABLE 3.13.5-8 
Acute Toxicity of Crude Oil Hydrocarbons to Daphnia magna 

Compound  48-hr LC50 (ppm) a 
Optimum Solubility 

(ppm) Relative Toxicity b 
Hexane  3.9  9.5  2.4  
Octane  0.37  0.66  1.8  
Decane  0.028  0.052  1.9  
Cyclohexane  3.8  55  14.5  
methyl cyclohexane  1.5  14  9.3  
Benzene  9.2  1,800  195.6  
Toluene  11.5  515  44.8  
Ethylbenzene  2.1  152  72.4  
p-xylene  8.5  185  21.8  
m-xylene  9.6  162  16.9  
o-xylene  3.2  175  54.7  
1,2,4-trimethylbenzene  3.6  57  15.8  
1,3,5-trimethylbenzene  6  97  16.2  
Cumene  0.6  50  83.3  
1,2,4,5-tetramethylbenzene  0.47  3.5  7.4  
1-methylnaphthalene  1.4  28  20.0  
2-methylnaphthalene  1.8  32  17.8  
Biphenyl  3.1  21  6.8  
Phenanthrene  1.2  6.6  5.5  
Anthracene  3  5.9  2.0  
9-methylanthracene  0.44  0.88  2.0  
Pyrene  1.8  2.8  1.6  
a The LC50 is the concentration of a compound necessary to cause 50 percent mortality in laboratory test organisms within a 
predetermined time period (e.g., 48 hours) (USEPA 2000).  
b Relative toxicity = optimum solubility/LC50  
ppm = parts per million. 
Source: USEPA 2000. 

TABLE 3.13.5-9 
Chronic Toxicity of Benzene to Freshwater Biota 

Taxa  Test Species  Chronic Value (ppm)  
Fish  Fathead minnow (Pimephales promelas)  17.2 *  
 Guppy (Poecilia reticulata)  63  
 Coho salmon (Oncorhynchus kitsutch)  1.4  
Amphibian  Leopard frog (Rana pipens)  3.7  
Invertebrate  Zooplankton (Daphnia spp.)  >98  
Algae  Green algae (Selenastrum capricornutum)  4.8 *  

Note: Test endpoint was mortality unless denoted with an asterisk (*). The test endpoint for these studies was growth.  

Biological (Ecological) Impacts 

The physical and chemical impact processes described previously are manifested at the organism level.  
Additional biological and ecological impacts may manifest in local populations, communities, or entire 
ecosystems depending on the location, size, type, season, duration, and persistence of the spill, as well as 
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the type of habitats and biological resources exposed to spilled oil.  Except for some endangered, 
threatened, or protected species, loss of a small fraction of a population of organisms would result in a 
minimal impact at a community to ecosystem level.  Loss or reproductive impairment of a significant 
portion of a population or biological community from an oil spill could result in a significant 
environmental impact.  The impact is likely to be greater if the species affected have long recovery times 
(e.g., low reproductive rates); limited geographic distribution in the affected area; are key species in the 
ecosystem; are key habitat formers; or are otherwise a critical component of the local biological 
community or ecosystem.  Furthermore, if the species or community is a key recreational or commercial 
resource, biological impacts manifested at the population or community level may constitute a significant 
impact to human uses of the resource.   

Assessment of Impact Magnitude 

The magnitude of oil spill impact is primarily a function of size of the spill, type of oil, and sensitivity of 
the receptors affected (API 1992, API 1997, NRC 1985, 2003a, 2003b).  The crude oil that would be 
transported by the proposed Project would primarily consist of diluted bitumen (dilbit) and syncrude.  
Information on the chemical characteristics of these crude oils is provided in Section 3.13.5.1.  Variations 
in spill size and receptor type are key variables for estimating the magnitude of environmental impacts of 
oil spills from the proposed Project.  Spill volume categories used in this impact assessment are presented 
in Section 3.13.2.1.  Receptor sensitivity is subjective and is influenced by the perspectives and biases of 
evaluators and the actual sensitivity of the receptors to the oil.  For example, a farmer whose grain field is 
oiled could consider impacts to a crop more significant than spill related impacts on a wetland that 
supports threatened and endangered species, recreational hunting, and other recreational opportunities.  
Conversely, a national wildlife refuge manager could evaluate relative impacts very differently.  The 
relative sensitivities of receptors are presented in Table 3.13.5-10, based on historical spill sensitivity 
assessments and input from a typical range of stakeholders. 

The magnitude of environmental impacts generally increases within a receptor type as spill size increases 
(i.e., from left to right in Table 3.13.5-10).  Within a spill size, the magnitude of impact increases with 
increasing sensitivity of the receptors (i.e., from top to bottom in the table).  Combining size and 
sensitivity, the magnitude of impacts generally increases from top left to bottom right in the table.  In 
many oil spills, there are clear differences in the way that stakeholders (e.g., general public, non-
governmental organizations, natural resource management agencies, regulatory agencies, enforcement 
agencies, private businesses, municipal agencies, and others) value spill related impacts on natural 
resources and habitats compared to spill related impacts on human uses.  Table 3.13.5-10 reflects a 
ranking of these values, recognizing that the concept of “impact assessment and magnitude” is 
anthropogenic and not a component of ecosystem function. 

For this EIS, five levels of environmental impact were considered and entered into the table to indicate 
the generally expected magnitude of impacts from oil spills.  The magnitude of impact may vary from 
these general trends depending on a number of site-specific variables described previously.   
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TABLE 3.13.5-10 
Typical Ranges of Potential Crude Oil Spill Environmental Impactsb,c 

Type of Receptora 
Very Small 

(<210 gal [5 bbl]) 

Small 
(210 – 2,100 gal

[5-49.9 bbl]) 

Substantive 
(2,100 – 21,000 

gal  
[50-499.9 bbl]) 

Large 
(21,000 – 210,000 

gal  
[500-5,000 bbl]) 

Very Large 
(>210,000 gal 
[5,000 bbl]) 

Terrestrial–agricultural land Negligible Negligible to 
minor 

Minor to 
substantive Minor to substantive Substantive 

Terrestrial–natural habitat Negligible Minor Minor to 
substantive Substantive Substantive 

Groundwater Negligible Negligible Negligible to minor Minor to substantive Substantive 

Aquatic–wetlands  Negligible Minor Minor to 
substantive Substantive Major to 

catastrophic 

Aquatic–lakes and ponds Negligible Negligible to 
minor 

Minor to 
substantive Substantive Major 

Aquatic–streams and small 
rivers Negligible Negligible to 

minor Substantive Major Major to 
catastrophic 

Aquatic–large rivers Negligible Negligible Minor Substantive to major Major to 
catastrophic 

Threatened and 
endangered species and 
habitat 

Negligible to 
minor 

Minor to 
substantive Substantive Substantive to major Major to 

catastrophic 

Human use–commercial  Negligible Negligible to 
minor Minor Minor to substantive Substantive to 

major 

Human use–residential Negligible Negligible to 
minor Minor Minor to substantive Substantive to 

major 

Human use–recreational Negligible Negligible to 
minor 

Minor to 
substantive Substantive to major Major to 

catastrophic 

a Receptor sensitivity subjective and based on experience from previous oil spill responses and analyses.  
b Magnitude of impact is defined as follows: 

Negligible Impact – Little to no detectable impact on most 
resources; may be some visible presence of oil on land, 
vegetation, or water.  Zero to few organisms apparently 
killed or injured.  Impacts are temporary (measured in days) 
and spatial distribution localized to spill site.  There are no 
detectable effects on HCAs including USAs. 
Minor Impact – Measurable presence of oil and limited 
impacts on local habitats and organisms.  Impacts are 
temporary (measured in days to weeks) and local (measured 
in acres).  Some organisms, likely birds, fish, and aquatic 
macroinvertebrates, may be killed or injured in the 
immediate area.  There may be limited effects on HCAs 
including USAs. 
Substantive Impact – Patchy to continuous presence of oil 
on terrestrial and aquatic habitats near the spill site.  Impacts 
may be present for weeks to a few months and affect tens of 
acres or a few miles of stream/river habitat.  There may be 
impacts to the local biological community and population-
level effects on organisms and human uses of the area.  
There may be detectable effects on HCAs including USAs. 

Major Impact – Patchy to continuous and heavy presence of 
oil on terrestrial and aquatic habitats near the spill site and 
for substantive distances down gradient from the spill site.  
Impacts may be present for weeks to months and potentially 
for a year or more.  The impacted area may include many 
acres to sections of land or wetlands, and several miles of 
riverine habitat.  There may be effects on the local biological 
community and population-level impacts on organisms and 
habitats, as well as disruption of human uses in local oiled 
areas.  There may be substantive effects on HCAs including 
USAs. 
Catastrophic Impact – Mostly continuous or nearly 
continuous presence of oil on all habitats near and/or for 
substantive distances down gradient of the spill site.  
Impacts may be present for months to years.  The impacted 
area may include many acres to sections of land or 
wetlands, and several to numerous miles of river or other 
aquatic habitat.  There may be both local and regional 
disruption of human uses.  There may be both local and 
regional impacts to biological populations and communities.  
There may be significant to catastrophic effects on HCAs 
including USAs.

c Spill size categories are described in Section 3.13.2.1.

 



 

3.13.6 Resource-Specific Impacts 

This section addresses potential impacts related to the resources described in Sections 3.1 through 3.12 
that may result from very small spills to very large spills.  Additional or corroborative information on the 
potential impacts of oil spills is presented in Appendix P of the draft EIS.  

3.13.6.1 Geology 

Potential impacts from oil spills would not involve geological features that have received state or federal 
protection, nor would they involve any geological features of known tribal significance along the 
proposed route, although concerns related to paleontological resources have been identified.  Potential 
impacts to geologic resources due to a spill from either construction or operation of the proposed Project 
are addressed in the following sections.   

Paleontological Resources  

Most spills would be confined to a construction yard, access roadway, or pipeline ROW, or to an adjacent 
area.  The primary exceptions would be large to very large spills from pipelines that affect areas beyond 
the ROW.  Paleontological resources exposed to a spill could be affected.  Cleanup activities could also 
damage paleontological resources.  However, a Paleontological Mitigation Plan would be developed in 
South Dakota and a Memorandum of Understanding (MOU) in Montana to protect significant fossil 
resources that may be encountered during construction or damaged as the result of an oil spill.  Locations 
with the potential for significant paleontological fossils occur infrequently in limited areas along the 
proposed route.  

Mineral and Fossil Fuel Resources 

For surface and near-surface resources such as sand, gravel, clay and stone, small to substantive spills 
may result in localized reduction in resource availability and value depending on actions involved in the 
incident response and subsequent remedial activities.  For large and very large spills, the impacts may be 
proportionally greater.  However, the distribution of these mineral resources and their relatively 
undeveloped state along the ROW indicate that the overall potential for impacts to the resources and their 
associated industries would be small.   

The proposed route would cross deposits of sand, gravel, clay, and stone, but the acreage of deposits 
covered by the proposed ROW is insignificant compared to the total acreage of deposits present in each 
state.  The proposed route would not cross any currently active aggregate mining operations.  Thus, 
impacts from spills in the vicinity of these resources would be negligible for small or even substantive 
spills that are rapidly contained.  Even large spills would result in minor impact because of the wide 
spatial distribution of these resources and their current state of development. 

The proposed Project route would not cross the well pads of any active or proposed oil or gas wells, 
although active oil and gas wells are located near the proposed ROW along some portions of the proposed 
route.  Spills of any size would not likely result in more than minor impacts to these oil and gas resources 
due to the proposed pipeline’s location and the depth and containment afforded by the extraction 
equipment, operations, and sites.   
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3.13.6.2 Soils and Sediments 

Soils 

The impact of oil spills on soil is a function of several variables, including the type of material spilled.  
Once oil reaches the soil surface, the depth of penetration into the soil would depend on the porosity of 
the soil and the extent to which it is frozen or water saturated.  The area affected would be limited to that 
area immediately adjacent to and covered by the spill.  Porous soils (e.g., sand, gravel, and moraines) are 
more permeable than clays and silts.  Karst areas, especially where the karst formations are close to the 
surface and the overlying soils are porous, may be especially vulnerable to impacts from a spill, if the oil 
reaches and moves through the karst.  Most soils along the route have low to moderate permeability 
providing sufficient time to control and cleanup the oil prior to extensive movement through soils.   

Spills could affect soils indirectly by affecting the vegetation, which in turn could die and expose the soil 
to water and wind erosion or solar heating, even if the soil itself was not directly affected by the spilled 
material.  Spill cleanup is more likely to affect the soils than the presence of the spilled material itself, 
unless the cleanup is well controlled and heavy traffic and digging are minimized (especially for summer 
spills).  Oil that adsorbs to or is retained between soil grains may weather only slowly over one to several 
years.   

Soil productivity could be negatively impacted by oil contamination particularly in the event of large to 
very large spills.  If long-term remediation is required, beneficial uses of the soil could be restricted for 
the length of the remediation period or longer.   

Sediments 

Sediments (defined here as submerged soils in wetlands and aquatic habitats) are typically fine grained 
and saturated with water.  They may be covered by or integrated with a substantive amount of organic 
material, primarily from riparian and aquatic vegetation.  The sediment may be more coarse-grained in 
fast-flowing streams and rivers, and in areas where glacial moraines dominate the parent soil materials.  
Crude or refined oils typically do not penetrate beyond the surface layer in sediments unless (1) there is a 
substantive amount of turbulence that mixes the oil and sediments, followed by deposition of the mixture 
in low energy areas; (2) the interstitial spaces are large enough (e.g., in gravel and coarse sand) to allow 
for penetration of the oil as it sinks; or (3) physical activities associated with spill response actions mix 
the surface-deposited oil-sediment mixture into deeper subsurface levels of the sediment profile.  Refined 
products also typically would not penetrate sediments because of the water content but may penetrate or 
be mixed further into the sediments under the same turbulent conditions or cleanup actions as for crude 
oil.  The oil deposited on and remaining in the top sediment layer, especially in aerobic environments may 
be subject to biodegradation by microbes, which would reduce or eliminate long-term impacts.  Oil that is 
incorporated into sediments, especially in the anaerobic subsurface levels, may weather very slowly.  
Sediments of exposed shores can retain oil for extended periods of time, even in higher energy areas 
(Short et al. 2007). 

3.13.6.3 Water Resources 

Surface Water 

Spills could affect surface freshwater quality if spilled material reaches waterbodies directly or from 
flowing over the land.  However, the vast majority of spills would likely be confined to construction 
yards, areas in or adjacent to the proposed pipeline ROW, or along access roads.  The volumes of most 
spills would likely be very small to small (see spill size categories in Section 3.13.2.1).  In addition, for 
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some portion of the winter months each year, in the northernmost portions of the route, spill responders 
could remove much of the spilled material from frozen ground or ice-covered waterbodies prior to 
snowmelt.  During the rest of the year, spills could reach and affect wetlands, ponds and lakes, as well as 
creeks and rivers before spill response is initiated or completed. 

Released oil that reaches a water body directly or indirectly would float in a lenticular layer on the water 
surface.  In some cases, oil could be physically mixed into upper portions of the water column or 
incorporated into bottom sediments in high energy aquatic environments.   

An oil spill that reaches a freshwater body could cause reduced dissolved oxygen (DO) concentrations 
and increased toxicity to aquatic organisms, particularly from dissolved phase hydrocarbons (e.g., 
BTEX).  Because oil slicks are less permeable to oxygen than water, spilled material that reaches 
wetlands, ponds, or small lakes could lower DO concentrations due to a decreased influx of atmospheric 
oxygen and the relatively high rate of natural sediment respiration in many shallow waterbodies.  In 
small, shallow waterbodies with limited water movement and high organic loading (e.g., small lakes, farm 
reservoirs, and stock ponds), increased biodegradation resulting from the addition of oil to the water 
column may further reduce oxygen levels.   

In winter, however, a small spill would not likely contribute substantively to an oxygen deficit in most 
waters because biological abundance and activity are depressed and water column respiration rates at that 
time would be low to negligible.  Furthermore, sediment respiration has less relative effect in lakes that 
are too deep to freeze to the bottom.  Such lakes tend to be supersaturated with DO in winter (BLM and 
MMS 1998).  An exception to such conditions could occur if spilled material were introduced to a 
waterbody beneath the ice cover, in very restricted waters with depleted oxygen levels and a concentrated 
population of overwintering fish.  During open water periods in most waterbodies, especially larger lakes, 
rivers, and streams, spilled materials would likely result in little detectable decrease in DO levels.  The 
high water volume (relative to the volume of oil) or the high rate of water flow would disperse oil before 
it affected DO concentrations. 

Long-term aquatic toxicity would be less likely to occur in larger lakes and rivers because oil would be 
diluted or dispersed within the sediment over large areas by currents and wind and wave action.  Spills 
into larger rivers and creeks, especially during open water periods, might result in some toxicity within 
the water column itself.  However, in larger rivers, because of the large and rapid dilution of the oil 
relative to the flow volumes, these impacts would likely be limited to the first few back eddies, calm 
water regions and reservoir pools down current of where the spill enters the river.  In smaller flowing 
streams, an oil spill could create direct aquatic toxicity in the water column because of the lower relative 
volume and rate of water flow, and thus there would be a higher likelihood of direct contact between the 
biota and the dispersed oil.  Some toxicity might persist in these streams for a few weeks to months, until 
toxic compounds trapped in the sediment were washed out or until oiled sediment was covered by cleaner 
sediment.   

Since the majority of oil spills are small in volume, these smaller spills if reaching larger lakes, would 
result in minimal effects on overall water quality, assuming the lake volume is substantially larger than 
the volume of spilled oil.  Decreases in DO levels would be negligible in most cases but may be greater in 
large to very large spills that cover much of the water surface for a day or more.  Direct toxicity would be 
short-term because of the high dilution volume in these lakes and the rapid evaporation of most of the 
potentially toxic lighter hydrocarbons.  Spreading of a spill over a lake surface may have a minor to major 
effect on water aesthetics and recreational use.  This effect could exist for days to a few weeks until the 
oil was removed. 
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Minor temporary to short-term surface water quality degradation is possible from smaller maintenance 
equipment and vehicle spills or leaks.  Longer term water quality degradation could be associated with 
large to very large spills.  A larger spill could also affect potable surface water sources and irrigation 
water supplies.  As mentioned previously, the crude oils transported by the proposed Project would tend 
to float on the surface water column.  However, as with any crude oil, over time volatilization of the 
aromatic fraction and biodegradation could lead to an oil residuum that would sink.   

Groundwater 

During construction and operation of the proposed Project, potential minor, short- to longer-term 
groundwater quality degradation is possible from equipment and vehicle spills or leaks.  Substantive spills 
of refined products, especially diesel or gasoline, and substantive to very large spills of crude oil may 
reach groundwater where the overlying soils are porous and the upper boundary of the water table is 
relatively near the surface.  Areas near major wetlands and meandering streams or rivers as well as the 
Sand Hills topographic region of Nebraska are key examples of locations where the water table may be 
close to the surface.  In some of these areas, it may be difficult to distinguish between groundwater and 
surface water.  A summary of locations where shallow aquifers are present and a description of the 
NHPAQ system in Nebraska are provided in Section 3.3.1.  

Subsurface Crude Oil Migration and Groundwater Flow 

The potential for crude oil or oil products migration into subsurface groundwater is determined by several 
factors.  These factors include the areal extent of the oil spill, the viscosity and density of the material, the 
characteristics of the environment into which the material is released (particularly the characteristics of 
the underlying soils), and the depth to first groundwater.  In most cases, given that vertical migration is 
controlled by the infiltration rate of the oil into the underlying soil, the extent of vertical migration can be 
mitigated by quick emergency response measures that include rapid source control (containment and 
collection of the oil released) (see Appendix C of the draft EIS).  An evaluation of these factors is 
presented below. 

The crude oil that would primarily be transported by the proposed Project is classified as heavy crude oil.  
All heavy crude oils are more viscous than lighter crude oils.  Most of the crude oil transported by the 
proposed Project would originate from bitumen, and would either be pre-processed into a heavy synthetic 
crude oil or pre-processed and blended with petroleum diluents (typically a light aromatic hydrocarbon) to 
produce an acceptable viscosity for pipeline transport (see Section 3.13.5).  These types of crude oil 
would become more viscous when released into the environment as the lighter aromatic fraction 
volatilizes.  Increasing viscosity tends to reduce vertical crude oil migration rates in soil profiles.  Crude 
oil vertical migration would be further restricted by the cooling of the crude oil after its release (a 
decrease in temperature will increase the viscosity of oil), particularly in the cooler months of the year.   

Heavy crude oils likely to be transported by the proposed Project are less dense than water and would 
form a lenticular layer that floats on surface waterbodies.  If crude oil infiltrates into soil formations, it 
would tend to form a distended lens above and slightly below the water table when groundwater is 
encountered, largely based on the amount of the spill and the associated vertical hydraulic head pressure.  
The crude oil plume would then spread horizontally, in an ellipsoid in the down-gradient direction, until it 
reaches a steady state based on the crude oil head pressure, groundwater flow rate, and soil 
characteristics.  Plume expansion can also be affected by the rate of water being pumped out of an 
aquifer. 

Studies related to oil and oil products releases from over 600 underground storage tank leaks indicate that 
potential surface and groundwater impacts from these releases are typically limited to several hundred 
feet or less from the release site (API 1998).  The median length of groundwater plumes comprised of 
these soluble components (BTEX) was 132 feet and approximately 75 percent of these plumes were under 
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200 feet (API 1998).  These studies indicate that the size of the oil release is the key factor influencing the 
ultimate oil plume dimensions (including the dissolved phase plume).  While there are differences in the 
rate of oil movement through different soil types, hydrogeologic factors such as hydraulic conductivity 
and gradient are not as significant in determining ultimate plume length (API, 1998).  However, on a 
localized basis, it is acknowledged that water withdrawals through extensive pumping can influence the 
hydraulic gradient.   

An example of a crude oil release from a pipeline system into an environment similar to the NHPAQ 
system and Sand Hills topographic region occurred on August 20, 1979 near Bemidji, Minnesota.  
Approximately 449,400 gallons (10,700 bbl) of crude oil were released onto a glacial outwash deposit 
consisting primarily of sand and gravel.  The water table in the spill area ranged from near the surface to 
about 35 feet below ground surface.  As of 1996 the leading edge of the oil remaining in the subsurface at 
the water table had moved approximately 131 feet down gradient from the spill site, and the leading edge 
of the dissolved contaminant plume had moved about 650 feet down gradient. 

Estimates of the hydraulic conductivity (the rate that water moves through soil) of soils at the Bemidji site 
ranged from 1.59 feet per day (ft/d) to 99.23 ft/d.  These hydraulic conductivity estimates were provided 
in an oral communication with a USGS scientist with extensive experience evaluating impacts from the 
Bemidji spill (Delin, pers. comm. 2011).  The following specific hydraulic conductivity estimates were 
provided (converted from meters per second to ft/d): 

• 1.59 ft/d estimated from particle-size distributions (Dillard et al. 1997); 

• 19.85 ft/d based on a calibrated estimate (Essaid et al. 2003); 

• 20.70 ft/d based on aquifer (slug) tests (Strobel et al. 1998); and 

• 99.23 ft/d based on permeameter tests (Bilir 1992). 

As described in Section 3.3, the High Plains Aquifer system (which includes the NHPAQ system), 
exhibits hydraulic conductivities estimated to range from 25 to 100 ft/d in 68 percent of the aquifer, with 
an average hydraulic conductivity estimated at 60 ft/d (Weeks et al. 1988).  In general, groundwater 
velocity (which also takes into account the porosity and the hydraulic gradient [slope of the water table]) 
in the High Plains Aquifer system is 1 ft/d and flows from west to east (Luckey et al. 1986). 

Estimates of the hydraulic conductivity of the Sand Hills Unit of the NHPAQ system are variable, with a 
high end estimate of 50 ft/d (Gutentag et al. 1984) and a lower range estimate of 13 to 40 ft/d (Lappala 
1978).  Hydraulic conductivity values for surficial dune sands (8 inches in depth) in the Sand Hills Unit 
range from 16.4 to 23.0 ft/d (Wang et al. 2006).  At intermediate depths within the root zone, hydraulic 
conductivity values range from 26.3 to 32.8 ft/d in lowland areas and from 32.8 to 49.2 ft/d in higher 
elevation areas.  In the lower boundary of the root zone, at approximately 6.5 feet bgs, hydraulic 
conductivities ranged from 42.7 to 49.2 ft/d (Wang et al. 2006).  These values were based on direct in-situ 
measurements by a constant head permeameter.   

These referenced estimates for hydraulic conductivity in the NHPAQ system and the Sand Hills Unit are 
within the range of values estimated for the Bemidji spill site.  Although the subsurface conditions in the 
Sand Hills Unit, the NHPAQ system, and at the Bemidji spill site are not identical, the soils exhibit 
similar hydraulic conductivities and flow characteristics.  Based on the similarities of soils and 
groundwater depth at the Bemidji spill site to those of the NHPAQ system, including the Sand Hills Unit, 
it can be inferred that a release from the proposed Project of similar size to the Bemidji spill in that area 
would remain localized and the dimensions of the liquid plume and associated dissolved plume would be 
similar in extent to the Bemidji plume.  Other shallow groundwater resources along the proposed pipeline 
corridor may occur within soil profiles somewhat dissimilar from the Bemidji site (see Section 3.3).  In 
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many areas, shallow unconfined aquifers occur within alluvium in flood plains near streams and rivers.  
Shallow aquifers can also occur under confined conditions.  Under confined conditions, the confining 
layer (e.g., silt or clay) would impede or prevent vertical migration of the crude oil into the aquifer.  
Unconfined alluvial soils are comprised of a range of soil constituents, including gravels, sands, silts, and 
clays in various percentages.  As a result, these alluvial soils exhibit a range of hydraulic conductivities, 
but it is expected that in general vertical and lateral oil migration would follow similar patterns.  

Response Time, Source Control, Cleanup and Remediation 

Relative to reducing potential groundwater impacts, DOS recognizes the importance of rapid response 
leading to source control, containment, and cleanup in the event of an oil spill in shallow aquifer areas.  
The ability to respond in a timely and appropriate manner to an unanticipated oil release is of critical 
importance.  In response to a DOS data request, Keystone presented its approach to spill response under 
two hypothetical spill scenarios defined by DOS.  The two scenarios presented to Keystone and its 
response to these scenarios provide an opportunity to review the level of preparedness and foresight 
currently in place relative to potential spills in relatively shallow groundwater areas. 

The first hypothetical spill occurs in the summer in an area with deeper groundwater, relatively flat 
terrain, at least 2 miles from any navigable stream, no wetlands within 1 mile, and with no nearby private 
water wells or public water intakes.  The second hypothetical spill occurs in the winter in an area of 
relatively shallow groundwater (25 feet bgs), sloping terrain, nearby wetlands, and a navigable stream 
within 1,000 feet, including private water wells within 100 feet of the release site and a public water 
intake 2 miles downstream. 

For each of these scenarios, Keystone described the following in detail: 

• Response procedures including pipeline shutdown, commencement of field response, spill 
assessment, and development of incident command post; 

• The potential horizontal and vertical spread of crude oil into the environment; 

• Response tactics employed for source control; 

• Cleanup approaches for spills on land including containment methods and removal methods; 

• Cleanup approaches for spills to groundwater including options for short- and long-term 
remediation; 

• Cleanup approaches for spills on calm or slow moving water (lake or pond) and to flowing water 
(stream or river); 

• Cleanup approaches for spills that occur on ice or under ice; and 

• Cleanup approaches for spills in wetland areas. 

In the first scenario, a low likelihood of groundwater contamination was determined.  For the second 
scenario, it was determined that emergency response teams would respond prior to the time the subsurface 
oil plume reaches groundwater.  This would allow rapid cleanup of the surface plume to reduce the 
downward head pressure on the oil plume.  However, groundwater would likely be impacted.  Impacted 
groundwater would be remediated by short-term mechanical approaches (excavation and vacuum 
methods), medium-term chemical methods (chemical oxidation), biological methods (bioremediation), 
and long-term natural attenuation.   

In most real-world spills, a combination of methods would be used to accomplish the highest degree of 
remediation practicable in the shortest amount of time.  However, DOS acknowledges that in areas such 
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as the Sand Hills region, where groundwater may be very shallow (less than 10 feet bgs), some level of 
groundwater impact would likely occur even with very rapid and efficient spill response.  Although 
cleanup and remediation efforts would be more complicated and potentially of longer duration if 
groundwater were affected, the extent of aerial contamination would be limited primarily depending on 
the size of the release. 

Wetlands 

Impacts of crude oil spills or refined product spills on wetlands are influenced by the type of oil or oil 
product, the amount and proportion of water surface area covered, the type of vegetation present in the 
wetland, and cleanup response actions.  Refined products tend to be more toxic than crude oil, while 
crude oil tends to cause more physical impacts (e.g., smothering).  Any refined or crude oil release would 
tend to remain on the water surface, and would therefore affect oxygen exchange between water and air, 
potentially affecting the water column DO content.  Toxic components of a refined product release may 
dissolve and disperse over the affected area.  In the event of a heavy crude oil release, dense stands of 
emergent vegetation could act like oil booms and collect oil at the edges of the stands, particularly given 
the heavy crude oil viscosity.  Aggressive and intrusive cleanup methods could mix oil with water and 
sediments (which are often anoxic below the surface layer) leading to longer lasting impacts.  Passive 
cleanup methods (including natural attenuation) are likely to cause less impact on wetland resources.  
Physical disruption of wetland resources below the water line during spill response could be reduced in 
some cases through ignition of the oil floating on the water surface15. 

Spills of refined product (e.g., diesel or gasoline) would be more likely to occur during construction.  The 
majority of these spills would be very small to small spills from construction pads or access roads.  If the 
spills occur in winter, the wetland may be covered in ice and spilled product may be contained by snow or 
remain on top of the ice.  In either case, the spilled oil would likely be recovered before it directly 
affected wetland habitat and associated organisms.  For spills occurring during the rest of the year, most 
of the product would float on the water or wet soil surface, although some of the volatile fraction may 
dissolve or disperse in water.  Although gasoline spills evaporate quickly, there may be short-term acute 
effects on wetland wildlife and vegetation.  Diesel spills tend to be more persistent, and diesel may 
infiltrate sediments as well as adhere to emergent vegetation.   

Crude oil spills that occur during operation of the proposed Project could affect wetlands either where the 
proposed pipeline would cross wetlands or waterbodies (e.g., ponds, lakes, reservoirs, streams, rivers, or 
adjacent riparian habitats) or where the spill site is on land but upgradient of the wetland.  Due to the 
viscosity of heavy crude oils, spills would likely be restricted in areal extent, particularly in colder 
months.  Snow could serve as a sorbent to further restrict the spill migration.  Larger spills in open water 
seasons could flow into wetlands, cover the water surface, coat wetland wildlife and vegetation, and 
restrict oxygen exchange between air and water.  Some spilled crude oil could sink through the water into 
underlying sediments and remain there for years, depending on the amount of biodegradation and 
chemical or physical weathering that takes place.   

Smaller refined product or crude oil spills would generally produce minor impacts on wetlands unless the 
wetland is small and isolated from other waterbodies.  In these cases, impacts could be substantive if the 
majority of the wetland is exposed to the oil.  Substantive and large to very large crude oil spills could 

                                                 
15 Burning of oil and oiled emergent vegetation in wetlands with an overlying water layer has been used several 
times in Texas and Louisiana.  The vegetation above the waterline along with the floating oil is burned but the 
submerged vegetation including the roots is generally unharmed.  Regrowth occurs rapidly.  This technique reduces 
the chances of oil exposure to birds and other wildlife, and reduces the physical impact of cleanup crews disrupting 
the marsh during manual removal methods.    
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result in substantive impacts on wetlands due to the size of the spill and the proportion of the wetlands 
that would be affected.  Impacts could approach a catastrophic level in areas where the wetlands are 
heavily used by migratory waterfowl and the spill occurs during the spring or fall migration.   

3.13.6.4 Biological Resources 

Vegetation 

Smaller spills during construction could occur within contractor yards, along access roads, at above-
ground facilities and along the proposed pipeline construction ROW, and the spilled fuel or oil would 
generally remain localized near the release site.  These spills would typically produce minor impacts on 
crops, native vegetation and associated wildlife.  However, substantive and large to very large spills 
during operation would likely result in greater impacts.  

Along the Steele City Segment of the proposed pipeline, winter snow cover may occasionally be 
sufficient to slow and limit the surficial flow of spilled oil, thus limiting the extent of damage to 
vegetation and habitat.  On other pipeline segments and on the Steele City Segment in other seasons, the 
spilled oil may flow farther on the land surface.  Spill response activities could cause impacts on 
vegetation and habitat if activities are not implemented carefully and with regard for minimal disturbance 
of the surface soils and vegetation.   

The majority of spills would likely be very small to small (see Section 3.13.2.1 for spill volumes within 
spill categories) and would typically cover less than 1 acre, but large to very large spills could be 
extensive, with the areal extent partially dependent on topography and the density, rigidity, and structural 
complexity of grass/forb/shrub vegetation on the surface of the land.  Overall, most past spills on 
terrestrial habitats have caused minor ecological damage, and ecosystems have shown a good potential for 
recovery, with wetter areas recovering more quickly (Jorgenson and Martin 1997, McKendrick 2000).  
The length of time that a spill persists depends on several factors, including oil and soil temperature, 
availability of oleophilic (oil-loving) microorganisms, soil moisture, and the concentration of the product 
spilled.  For the most part, effects of land oil spills would be localized and are not expected to impact 
vegetation and associated habitat outside the immediate spill area.  Spills that occur within or near 
streams, rivers, and lakes could indirectly affect riparian vegetation and habitat along these waterbodies.  
Affects on vegetation from subsurface leaks that reach the root zones of surface vegetation could assist in 
leak detection as a result of visible patches of affected vegetation along the pipeline ROW resulting from 
oil interference with water and nutrient uptake by plant root systems. 

A large to very large spill could spread over larger areas and coat vegetation, including row crops, wild 
lands, seasonal wetlands, and range lands, especially down slope from the spill site.  The vegetation 
within the spill zone could be injured, killed or coated with oil, although population level vegetation 
effects are unlikely.  Affected vegetation may not be suitable for grazing animals and any commercial 
row or field crops would not be marketable.  

Birds 

Very small or small spills on or near the roads, construction yards, pump stations, or MLV sites would not 
generally affect birds, although a few individual shorebirds, waterfowl, raptors and passerine birds could 
be exposed to the spilled oil.  Exposed individuals could die from hypothermia or from the toxic effects of 
ingesting the oil during preening, or from ingestion of oiled food and water.  Potential impacts would 
likely be limited to a few individual birds, especially waterfowl and shorebirds that use small ponds and 
creeks affected by very small to small spills.  If a very small to small size spill occurred during migration 
periods, greater numbers of birds could be affected.  There could also be an associated impact to a few 
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individual scavenging birds and mammals if they feed on oiled carcasses.  Very small to small spills 
would not be expected to cause population-level impacts. 

A substantive to very large spill in terrestrial habitats could cause mortality of birds that spend time 
foraging or nesting on the ground, such as shorebirds, grassland nesting songbirds (passerines), and 
upland game birds, where they would come into direct contact with oil and oiled prey or forage.  If the 
spilled material entered wetlands or waters, water-dependent birds such as waders, seabirds, shorebirds, 
and waterfowl could be exposed.  The numbers of individuals oiled would depend primarily on wind 
conditions and the numbers of birds within and proximate to the area affected by the spill.  Impacts may 
be detectable at the local population level, especially for resident species with limited geographic 
distribution, if the spill affected important breeding habitat for migratory birds, or if the spill occurred 
within migration staging habitats during active migration periods.  The North Valley Grasslands, crossed 
by the proposed pipeline in Valley County, Montana (Montana Audubon 2008), is a designated globally 
Important Bird Area (IBA) supporting resident and migrant grassland nesting birds.  Although not 
designated as an IBA along the route of the proposed pipeline, the Platte River and associated wetlands in 
central Nebraska are used for migration staging from mid-February to early April by more than 500,000 
sandhill cranes during their northward migration (Audubon 2010).   

If raptors, eagles, owls, ravens, crows, magpies, vultures, and other predatory or scavenging birds are 
present in the spill vicinity, they could become secondarily oiled by eating oiled prey.  Mortality of 
breeding raptors likely would represent a minor loss for local populations but would not likely affect 
regional populations.  Mortality of migrant or winter roosting aggregations of bald eagles attracted to 
waterfowl aggregations at migration staging and winter open water locations, could result in more 
significant losses for regional bald eagle populations from exposure to oiled prey.  

If a large spill moved into wetlands, adjacent riparian habitats, or open water habitats of major rivers 
along the ROW, waterfowl species that breed, stage, or congregate in these areas during migration could 
be at risk.  A spill entering a major river in spring, especially at flood stage, could significantly affect 
waterfowl in the short term by contaminating overflow areas or open water where spring migrants of 
waterfowl and shorebird species concentrate before occupying nesting areas or continuing their migration.   

Lethal effects would be expected to result from moderate to heavy oiling of birds.  Light to moderate 
exposure could reduce future reproductive success because of pathological effects on liver or endocrine 
systems (Holmes 1985) caused by oil ingested by adults during preening or feeding that interfere with the 
reproductive process.  Oiled individuals could lose the water repellency and insulative capacity of 
feathers and subsequently die from drowning or hypothermia.  Stress from ingested oil can be additive to 
ordinary environmental stresses, such as low temperatures and metabolic costs of migration.  Oiled 
females could transfer oil to their eggs, which at this stage could cause mortality, reduced hatching 
success, or possibly deformities in young.  Oil could adversely affect food resources, causing indirect, 
sub-lethal effects that decrease survival, future reproduction, and growth of the affected individuals.   

In addition to the expected mortality due to direct oiling of adult and fledged birds, potential effects 
include: mortality of eggs due to secondary exposure by oiled brooding adults; loss of ducklings, 
goslings, and other non-fledged birds due to direct exposure; and lethal or sub-lethal effects due to direct 
ingestion of oil or ingestion of contaminated foods (e.g., insect larvae, mollusks, other invertebrates, or 
fish).  Taken together, the effects of a large spill may be significant for individual waterfowl and their 
post-spill brood.  Population depression at the local or regional scale would be greater than for smaller 
spills.  However, the effects of even a large spill would be attenuated with time as habitats are naturally or 
artificially remediated and populations recover to again utilize them.  In general, losses from substantive 
to very large spills would likely result in negligible to minor impacts to regional bird population levels but 
may result in significant impacts to local population levels.   
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Mammals 

Most oil spills, including large to very large spills, would result in a limited impact on most of the 
terrestrial mammals utilizing the area affected by the spill.  The extent of impacts would depend on the 
type and amount of oil spilled; the location and terrain of the spill; the type of habitat affected; mammal 
distribution, abundance, and behavior at the time of the spill; and the effectiveness of the spill response.  
Typically, the proportion of habitat affected would be very small relative to the area of habitat available 
for most mammals.   

A large to very large spill could affect terrestrial mammals directly or indirectly through impacts to their 
habitat, prey, or forage.  For example, a large spill likely would affect vegetation, the principal food of the 
larger herbivorous mammals, both wild (e.g., ungulates) and domestic (e.g., cattle, sheep, and horses).  
Some to most of these animals probably would not ingest oiled vegetation, because they tend to be 
selective grazers and are particular about the plants they consume.  Many predators and scavengers (e.g., 
bears, foxes, and raccoons) could experience toxic effects through feeding on birds, other mammals, 
reptiles, and fish killed or injured by the oil spill.  However, these effects would not generally be life 
threatening or long term for the predator or scavenger (White et al. 1995).  Spill response activities would 
typically frighten most large mammals away from the spill, thus reducing the possibility of mammal 
ingestion of oiled vegetation.  As noted previously, vegetation could be affected by the spilled oil, thus 
temporarily reducing local forage availability, although it is unlikely that the overall abundance of food 
for large herbivorous mammals would be substantively reduced.   

For large spills that are not immediately or successfully cleaned up, the potential for contamination would 
persist for a longer time and the likelihood of animals being exposed to the weathered oil would be 
greater.  Over time, any remaining oil would gradually degrade.  Although oiling of animals would not 
likely remain a threat after cleanup efforts, some toxic products could remain in soil, aquatic sediments, 
or in or on plant tissues, potentially up to 5 years or longer.  To the extent that residual oil leads to further 
contact or ingestion by mammals, effects to individual mammals would continue. 

Small mammals and furbearers could be affected directly by spills due to oiling or indirectly through 
ingestion of contaminated forage or prey items.  Furbearers, especially river otters, mink, muskrat, 
raccoons, and beavers that are dependent on or frequently use aquatic habitats would likely be exposed to 
oil if spills reached aquatic habitats within their range.  Oiled furbearers would be susceptible to 
hypothermia and oil toxicity from ingestion during grooming.  Impacts to small mammals and furbearers 
would likely be localized around the spill area and would not cause population-level impacts.   

Fish and Other Aquatic Species 

Spills within aquatic habitats could affect fish, macroinvertebrates (e.g., mussels, crustaceans, insects, and 
worms), algae and other aquatic plants, amphibians, and reptiles; many of which are prey for mammals 
and birds.  Aquatic habitats include wetlands, ponds, lakes, reservoirs, drainage ditches, streams and 
rivers.   

The effects of oil spills on freshwater fish, macroinvertebrates, and other aquatic organisms have been 
documented and discussed in reports of assessments of many previous spills (Poulton et al. 1997, Taylor 
and Stubblefield 1997, Vandermulen et al. 1992, API 1992a, 1992b, and 1997).  Specific effects would 
depend on the concentration of spilled crude oil or oil product present, the length of exposure, and the 
stage of development (larvae and juveniles are generally most sensitive) of affected individuals.  If lethal 
concentrations of spilled material are encountered (or sub-lethal concentrations over a long enough 
period), mortality of aquatic organisms would likely occur.  However, extensive mortality from exposure 
to oil spills is typically observed in small, enclosed waterbodies and in the laboratory environment.  Most 
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acute-toxicity values (96-hour lethal concentration for 50 percent of test organisms [LC50]) for fish are 
generally from 1 to 10 ppm of toxic hydrocarbons.  Concentrations observed within the water column 
beneath surface oil slicks have usually been less than the acute values for fish, macro invertebrates, and 
plankton.  For example, extensive sampling following the Exxon Valdez oil spill (approximately 11 
million gallons [262,000 bbl] in size) revealed that hydrocarbon levels were well below those known to 
be toxic or to cause sub-lethal effects in fish and plankton (Neff 1991).  The low concentration of 
hydrocarbons in the water column following a large oil spill appears to be the primary reason for the lack 
of lethal effects on fish and plankton.  Should a substantive to very large crude oil spill occur during 
proposed Project operation, the hydrocarbon concentration in flowing rivers and creeks within the 
affected area would likely be relatively low based on the observations made following the Exxon Valdez 
spill. 

If an oil spill of sufficient size occurred in a small water body that contained fish or other sensitive 
aquatic species and that exhibits restricted water exchange (e.g., ponds and small, slow-flowing creeks), 
lethal and sub-lethal effects could occur for the fish and food resources in that water body.  Toxic 
concentrations of oil in a confined area would result in greater lethal impacts on larval/juvenile fish than 
adults.  Larval/juvenile fish are generally more sensitive than adults (Hose et al. 1996, Heintz et al. 1999).  
Sub-lethal effects include changes in overwintering and spawning behavior, reduction in food resources, 
consumption of contaminated prey, and temporary displacement (Morrow 1974, Brannon et al. 1986, 
Purdy 1989).  If a large to very large spill reached a slow-flowing, small to moderate size river in 
summer, the impacts due to toxic exposures could be greater than in the same river when flows are higher 
and water temperatures are cooler. 

McKim (1977) reviewed results from 56 toxicity tests and found that, in most instances, larval and 
juvenile stages were more sensitive than adults or eggs.  Increased mortality of larval fish would be 
expected because they are relatively immobile and often found at the water’s surface, where contact with 
oil would be more likely.  Adult fish would be able to avoid contact with oiled waters during a spill in the 
open water season, but survival would be expected to decrease if oil were to reach an isolated pool of ice-
covered water.   

An example of potential impacts on fish food resources is provided by Barsdate et al. (1980), who studied 
the limnology of an arctic pond near Barrow, Alaska, with no outlet, after an experimental oil spill.  The 
study concluded that half of the experimental spill was biodegraded or naturally attenuated during the first 
year.  The remaining oil was trapped along the edge of the pond; most of it sank to the bottom by the end 
of summer.  Researchers found no change in pH, alkalinity, or nutrient concentrations.  Photosynthesis 
was briefly reduced and then returned to normal levels after several months.  Carex aquatilis, a vascular 
plant, was affected after the first year due to emerging leaves encountering oil.  Certain aquatic insects 
and invertebrates that lived in these plant beds were reduced in numbers, presumably from entrapment in 
the oil on plant stems.  Some of the insects were still absent six years after the spill.  There were no fish in 
this pond; therefore, the impact of the loss of a prey base to the fish could not be measured.  Reducing 
food resources in a closed lake or pond, as described above, would decrease fitness and potentially reduce 
reproduction until prey species recovered.   

Another potential impact could occur if oil that spilled before or during the spring floods from spring 
snowmelt or extremely high rainfall dispersed into some of the adjacent wetlands or lakes with 
continuous or ephemeral connection to rivers and large creeks.  This oil could be left stranded when the 
water recedes and the oil could cause limited toxic or physical smothering effects to riparian, terrestrial 
and aquatic plants and animals in the flooded area.  Lethal effects to fish in streams and some lakes would 
be unlikely during high-water events such as floods, because toxic concentrations of hydrocarbons would 
be unlikely.  However, toxic levels could be reached in lakes that are normally not connected to the 
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river/creek system except during the high-water periods.  If hydrocarbon concentrations in the water 
column reach toxic levels, these fish could suffer mortality or injury. 

Although lethal effects of oil on fish have been established in laboratory studies (Rice et al. 1979, Moles 
et al. 1979), large kills following oil spills are not well documented, likely because toxic hydrocarbon 
concentrations in the water column seldom occur.  In instances where oil does reach the water, sub-lethal 
effects are more likely to occur, including changes in growth, feeding, fecundity, survival rates, and 
temporary displacement.  Other possibilities include interference with movements to feeding, 
overwintering, or spawning areas; localized reduction in food resources; and consumption of 
contaminated prey.   

Most oil spills from the proposed Project would not be expected to measurably affect fish populations in 
the vicinity of the proposed route.  Oil spills occurring in a small body of water containing fish with 
restricted water exchange would be expected to kill a small number of individual fish but would not be 
expected to measurably affect fish populations.  The same assessment would generally apply to many 
macroinvertebrates, amphibians, and reptiles because they are motile and generally have a wide 
geographic distribution.  However, sessile freshwater mussels with limited geographic distribution could 
be affected at a population level in large to very large spills that affect a substantive segment of a stream 
or river. 

Although very unlikely, a large to very large spill under or adjacent to a river could affect water quality, 
aquatic resources, and other water-associated resources, as well as subsistence and recreational fisheries 
in downstream areas.  In the winter season, an undetected spill, especially under ice, depending on the 
length of time until spill detection and the volume of released oil, could affect aquatic resources 
downstream of the spill source.  Mortality could result for fish and macroinvertebrates in deeper pools 
within the spill migration zone.  Early-arriving birds could be exposed in any open water pools and cracks 
in the river ice.  Depending on the season of occurrence, however, containment and cleanup of a large or 
very large oil spill could be difficult.   

Sensitive, Threatened and Endangered Species 

Most of the potential impacts to the habitats used by threatened, endangered, and protected species are 
included in the previous discussions of impacts on biological resources.  The important additional 
consideration for these species is that, by definition, they have limited distribution and/or population 
sizes.  Although exposure to oil may adversely affect only a few individuals or a small, localized 
population of individuals, such a loss could represent a significant portion of the population and its gene 
pool.  Consequently, even a very small or small spill could substantively affect a threatened or 
endangered species.  The likelihood of impacts on threatened, endangered, and protected species would 
be low because the majority of spills would likely occur at construction yards, on roads, at pump stations, 
or at MLV sites that have been sited to avoid or minimize any impacts on these habitats and species. 

Spilled oil is more likely to affect species that heavily use or completely depend on aquatic and wetland 
habitats than those in terrestrial habitats.  The oil could be transported into flowing streams and rivers, 
especially with substantive to very large spills, and thus affect a substantive portion of some populations 
of aquatic species (i.e., freshwater mussels, fish, herptiles, and water birds).   

Based on the results of formal consultation between DOS and USFWS, any oil spill in designated habitat 
for the American Burying Beetle would require initiation of additional consultation to determine 
appropriate response actions and follow-up.  In the event of a spill sufficiently large or coincident with 
occupied habitat or individuals of any sensitive, threatened or endangered species, Keystone would 
implement provisions of the ERP to protect potentially affected habitats and species from oiling and 
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would conduct response actions as required by local, state, and federal agencies to return impacted areas 
to an agreed-upon condition.   

3.13.6.5 Land Use, Recreation and Special Interest Areas, and Visual Resources 

Agricultural land and rangeland is the predominant land use along the proposed pipeline corridor, 
comprising about 78 percent of land crossed by the proposed Project.  A large to very large spill could 
affect agricultural activities, including irrigation water supplies.   

Most very small to small spills would be confined to construction yards, roads, pump stations, MLVs, or 
the immediate vicinity of the proposed pipeline ROW.  Substantive to very large spills would likely 
extend beyond the proposed ROW, although the overall extent of terrestrial releases would likely be 
limited unless the spilled material reaches flowing rivers or streams.  Impacts from spills on recreational 
uses and wilderness-type values of scenic quality, solitude, naturalness, or primitive/unconfined 
recreation would vary depending on the overall extent of spill migration.  Since the majority of releases 
would likely be small to very small and confined within the proposed Project ROW, their effects on these 
uses would be negligible to minor.   

For some substantive to very large spills, particularly those that reach a stream or river, land use impacts 
could be substantive.  Spilled oil could be visible and result in impacts to agricultural uses and 
recreational uses for weeks or years depending on the extent and duration of the spill.  Agricultural 
production and crop yields within the spill zone could be reduced until remediation of affected soils and 
groundwater is accomplished.  Rangeland forage in the spill zone could be negatively affected although 
livestock could likely find sufficient forage in unaffected areas.  Fishing, boating, kayaking, tubing, 
camping, scenic values, and other recreational pursuits could be affected if spilled crude oil reaches lakes 
and rivers used by recreationists.   

3.13.6.6 Cultural Resources 

Most known cultural resources which have been previously identified would be avoided by the proposed 
Project alignment.  Any cultural resources that are eligible for listing on the National Register of Historic 
Places impacted by a crude oil or oil products release would be mitigated through documentation and/or 
data recovery excavations consistent with the requirements of the Programmatic Agreement (PA).  An 
Unanticipated Discoveries Plan is included within the PA.  Proposed Project facilities, including the 
proposed pipeline, were located to minimize proximity to and potential adverse effects on identified 
cultural and historical resources.  

Large to very large spills could impact cultural resources already identified within the Area of Potential 
Effect (APE) or cultural resources that are outside of the APE and are currently unidentified.  Measures to 
avoid potential harm to historic properties would be undertaken as part of the spill response efforts.  If 
necessary, identification and mitigation of potentially eligible cultural resources would occur during 
response efforts consistent with the requirements of the PA.   

The proposed pipeline corridor crosses National Historic Trails administered by the NPS.  If these areas 
were impacted by an oil or oil products spill, special care would be required during spill response actions 
to limit damage to the historic values of the trail systems.   
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3.13.6.7 Socioeconomics 

Oil spills, especially large or very large spills, could affect components of the socioeconomic 
environment, including: 

• Populated areas, especially residential areas, and other HCAs; 

• Agricultural activities including farming, ranching, and livestock grazing on wild land; 

• Water intakes and water supplies (e.g., drinking water and agricultural irrigation water); 

• Other commercial activities; and 

• Single-family home sales and property value. 

Economic affects related to potential impacts to drinking water supplies could occur in the event of a 
large to very large oil spill.  However, the proposed Project was sited to avoid water supply intakes and 
nearby potable groundwater well heads.  Nonetheless, as discussed in Section 3.3, numerous water wells 
exist within a mile on either side of the proposed pipeline centerline along its route.  Since all of these 
water wells are over 100 feet from the proposed Project centerline, the impact to these users would likely 
be minor for small to very small spills and could be substantive if a large to very large spill affects nearby 
water wells or intakes for a substantive period of time.  In the event of oil spill impacts to water supplies 
for residential, agricultural, commercial, or public uses, Keystone would provide alternate sources of 
water for essential uses such as drinking water, irrigation, industrial cooling water, and water for fire 
fighting and similar public safety services.  Economic affects related to short-term disruption in local 
agricultural production could result from a spill that enters agricultural lands or wild lands used by 
grazing livestock.  The extent and duration (e.g., short term or long term) of the economic impacts would 
depend on the number of productive acres affected, the response time, the remedial method selected and 
implemented by the response team, and the length of time required to return land services to conditions 
similar to those prior to the spill.   

Some commenters expressed concern about spilled oil reaching surface water supply intakes and affecting 
fire fighting capability.  As stated previously, the proposed pipeline was sited to avoid water supply 
intakes.  Additionally, most surface water supply intakes draw water well below the water surface and 
would therefore draw water from below the lenticular floating spill mass in the unlikely event it moved 
over a water intake.   

If a spill affected recreational lands and/or waterways, businesses relying on hunting, fishing, sightseeing, 
and other recreational activities could experience a short-term negative economic impact.  During 
response and restoration actions, access to oil-impacted areas would generally be limited or prohibited to 
anyone except the cleanup and monitoring crews, thus limiting recreational access.  Adverse publicity 
about the impacts of large to very large spills could reduce use by recreationists from the local and 
regional areas, or even from other areas in the U.S. for an extended period of time.  For small to very 
small spills, there would likely be negligible economic impacts to businesses relying on recreational uses.  
In some cases, response to oil spills could generate positive local economic activity for the limited 
duration of the spill response activities as a result of the need for lodging, meals, equipment, and other 
facilities, materials, and logistic support for the cleanup crews and the incident command team. 

Economic impacts to land and residence values in areas affected by oil spills could occur.  Simons et al. 
(2001) conducted a study of 2,300 single-family home sales before and after an oil pipeline rupture that 
spilled 120,000 gallons of mostly number 2 fuel oil into 10 miles of the Patuxent River in Prince George 
County, Maryland, in the spring of 2000.  The study determined that a statistically significant reduction in 
sales prices of over 10 percent occurred for properties located off of the river (i.e., “interior” properties) 
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for the first sales season after the spill (i.e., about 6 months), and further determined that there was also a 
reduction in sales volumes during that period.   

Hansen et al. (2006) evaluated the impacts to properties in Bellingham, Washington as a result of a June 
1999 rupture of a 19-inch-diameter gasoline pipeline that spilled 229,000 gallons of gasoline into 
Whatcom Creek and led to an explosion and fire.  Due to associated fatalities and injuries, this incident 
received significant national media coverage and led to a temporary halt to pipeline development and the 
passage of the Pipeline Safety Improvement Act of 2002.  The Hansen study evaluated single-family 
home sales within 1 mile of the affected Olympic Pipeline, and also the Trans Mountain crude oil pipeline 
located less than 1,500 feet away, for 5.5 years prior to and 5 years after the incident.  An analysis of 
3,765 sales showed the following statistically significant reductions in the mean sale price (slightly more 
than $209,000) depending on distance from the pipeline: 

• A reduction of $9,613 for property located 50 feet from the pipeline; 

• A reduction of $4,863 for property located 100 feet from the pipeline; 

• A reduction of $2,446 for property located 200 feet from the pipeline; and 

• A reduction of $491 for property located 1,000 feet from the pipeline. 

Over time after the spill and explosion, changes in mean sale prices within 100 feet of the pipeline varied 
as follows: 

• A reduction of $5,813 after 6 months; 

• A reduction of $4,784 after 12 months; 

• A reduction of $4,267 after 24 months; and  

• A reduction of $4,008 in price 48 months. 

Thus, the impacts of the pipeline incident decreased somewhat over time.  These data suggest that the 
economic consequences of an oil spill could include a temporary reduction in housing prices that would 
likely decrease over time.   

Environmental Justice Considerations 

Information on minority and low-income populations within the proposed Project environmental justice 
analysis area, including locations along the proposed Project corridor that are designated as HPSA and/or 
MUA/P areas are presented in Section 3.10.  Depending on the location and volume of an accidental 
crude oil release from the proposed Project, it is possible that minority or low-income populations could 
be affected by the release.  Minority and low-income populations could be more vulnerable to health 
impacts associated with the crude oil release, particularly if access to health care is less available in the 
release area.  Exposure pathways could include direct contact with the crude oil, inhalation of airborne 
emissions from the crude oil, or consumption of food or water contaminated by either the crude oil or 
components of the crude oil.  However, as discussed previously in Section 3.13.5.5, Keystone would be 
liable for all costs associated with cleanup and restoration as well as other compensations, up to a 
maximum of $350,000,000 for any release that could affect surface water, no matter what the reason. 
Therefore potential impacts to minority or low-income populations would be mitigated by the operator’s 
liability for the release.  Additionally, Keystone has committed to provide an alternative water supply if 
an accidental release from the proposed Project contaminates groundwater or surface water used as a 
source of potable water or for irrigation or industrial purposes, which includes water uses by minority and 
low-income populations.  Given the potential vulnerability of these populations to health impacts, it is 

3-154 
Supplemental Draft EIS  Keystone XL Project 



 

essential that spill response planning considers appropriate communications directed to these populations 
in the unlikely event of an accidental crude oil release.  As a measure to avoid or minimize impacts to 
minority or low-income populations, response planning should consider HPSA and/or MUA/P areas when 
assessing potential response times for any exposed populations.  As an added mitigation measure, 
emergency communications could be provided in languages appropriate for identified populations at risk.  

3.13.6.8 Air Quality 

Impacts on air quality from an oil spill would be localized and transient, even for very large spills.  
Evaporation of the lighter hydrocarbon fractions typically occurs within one to a few days, and the vapors 
are usually dissipated below risk levels within a short distance of the source.  Additional evaporation of 
the heavier compounds would take place over a longer period of time and could be an important source of 
organic aerosol pollution (De Gouw 2011).  The oil spill response personnel would monitor air for 
hydrocarbon vapors.  Public access to areas exceeding specified risk levels would be restricted and 
authorized personnel within the restricted areas would be equipped with appropriate personal protective 
equipment.  Nearby farmers and ranchers would be informed of potential hazards to livestock and other 
farm animals, and assistance would be provided in moving livestock if necessary. 

Based on models by Hanna and Drivas (1993), the majority of volatile organic compounds (VOCs) from 
crude oil spills would likely evaporate almost completely within a few hours after the spill occurred, 
especially during late spring/early fall when air and soil surface temperatures are higher.  Emissions of 
VOCs, such as BTEX, would peak within the first several hours after the spill and likely drop by two 
orders of magnitude after approximately 12 hours.  The heavier compounds would take longer to 
evaporate, particularly at the colder temperatures typical of the winter season, and might not peak until 
more than 24 hours after the spill.  In the event of an oil spill on land, the air quality effects would be less 
severe than those for a spill on water because some of the oil could be absorbed by vegetation or into the 
ground.  However, some effects might last longer on land before the VOC compounds are completely 
dissipated. 

During construction, diesel fuel oil, kerosene and similar hydrocarbons could be spilled during refueling, 
from a broken diesel refueling line, or from accidents involving vehicles or equipment.  A diesel spill 
would evaporate faster than a crude oil spill.  Ambient hydrocarbon concentrations would be higher than 
for a crude oil spill but would persist for a shorter time.   

Gasoline and solvents would typically evaporate and disperse very rapidly.  Almost all the released 
volume would evaporate, except for small amounts that may seep into the upper soil and vegetation layers 
from which it would be released over 1 day to several days.  Gasoline vapors are generally not toxic at the 
concentrations experienced in spills but they may lead to flammable or explosive vapor concentrations. 
Public and response personnel access to fire and explosion hazards would be restricted. 

In general, impacts on air quality related to oil spills would be localized and short term.  The associated 
VOC air emissions would result in little impact to the biological or physical resources in the vicinity of 
the spill. 
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3.14 CUMULATIVE IMPACTS 

The analysis of cumulative impacts was expanded to identify additional reasonably foreseeable projects, 
expand the discussion of GHG emissions, including information from a report prepared by ICF 
International at the request of DOS, and to provide additional information on environmental impacts 
associated with the production of WCSB crude oil.  Other portions of the cumulative impacts analysis 
remain essentially as presented in the draft EIS and have not been repeated in the SDEIS as noted below.     

3.14.1 Methods 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.  

3.14.2 Past, Present, and Reasonably Foreseeable Projects 

Several reasonable foreseeable projects were included in the revised assessment of cumulative impacts.  
Those projects are in included in Table 3.14.2-1 

TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

Crude Oil Pipelines and Storage Facilities 
Express-Platte Pipeline 
System (existing) 

Approximately 1,700 miles 
of crude oil pipelines that 
are 20 and 24 inches in 
diameter. 

Montana, Wyoming, 
Nebraska, Missouri, and 
Illinois 

The Express-Platte system 
would be within the 
proposed Project’s 
cumulative impact corridor 
(PCIC)b near Steele City, 
Nebraska.   

Keystone Mainline Oil 
Pipeline (existing) 

Approximately 1,379-mile-
long crude oil pipeline has 
a design capacity between 
435,000 bpd to 591,000 
barrels per day (bpd). 

North Dakota, South 
Dakota, Nebraska, Kansas, 
Missouri, and Illinois.  

Portions of the Keystone 
pipeline would be in the 
PCIC near Steele City, 
Nebraska.   

Keystone Cushing 
Extension (existing)  

298-mile-long, 36-inch-
diameter crude oil pipeline.  

Nebraska, Kansas, and 
Oklahoma.  

Portions of the northern 
and southern ends of the 
Cushing Extension would 
be within the PCIC (near 
Steele City, Nebraska and 
near Cushing, Oklahoma). 
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TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

BakkenLink Pipeline 
(planned) 

Approximately 305-mile-
long,12-inch-diameter oil 
gathering system to move 
Bakken crude from North 
Dakota to the Keystone XL 
system near Baker, 
Montana 

North Dakota and Montana The BakkenLink Pipeline 
would be within the PCIC 
near Baker Montana. 

Bakken Marketlink Project  
(planned) 

Three crude oil storage 
tanks and associated 
facilities near Baker 
adjacent to the proposed 
Pump Station 14 and two 
crude oil storage tanks and 
associated facilities at the 
proposed Cushing tank 
farm in Cushing, Oklahoma 
pipeline to store and inject 
Bakken oil production from 
producers in North Dakota 
and Montana into the 
proposed Project pipeline. 

Montana and Oklahoma The Bakken Marketlink 
Project would be within the 
PCIC near Baker, Montana 
and near Cushing, 
Oklahoma and would be 
constructed concurrently 
with the proposed Project. 

Cushing Marketlink Project 
(planned) 

Two oil storage tanks and 
associated equipment at 
the proposed Cushing tank 
farm to store and inject oil 
from producers in 
Oklahoma into the 
proposed Project pipeline. 

Oklahoma The Cushing Marketlink 
project would be within the 
PCIC near Cushing, 
Oklahoma and would be 
constructed concurrently 
with the proposed Project. 

Enterprise Product 
Onshore Pipeline System 
(existing and under 
construction) 

A system of approximately 
4,400 miles of onshore 
crude oil pipelines and 10.5 
million barrels of crude oil 
storage.  A new crude oil 
terminal on an industrial 
site in southeast Houston 
is under construction and 
planned to begin operation  
in 2012.rude oil operations 

New Mexico, Texas, and 
Oklahoma 

Portions of the Enterprise 
Product System would be 
within the PCIC near 
Cushing, Oklahoma.  
Facilities associated with 
the proposed crude oil 
terminal in southeast 
Houston would be near the 
PCIC. 

True Company Pipelines  
and Crude Oil Storage 
Facility (existing) 

A system of more than 
3,400 miles of crude oil 
gathering and 
transportation pipelines, 
including Bridger Pipeline, 
LLC that  owns and 
operates the Poplar, Little 
Missouri, Powder River, 
Belle Fourche, and Bridger 
pipeline systems.  Three 
collector pipelines to 
transport production from 
the north, west and east 
into the Butte Pipeline near 
Baker are under 
construction.  
 

Wyoming, Montana, and 
North Dakota 

Portions of the True 
Companies pipeline 
system would be within the 
PCIC in eastern Montana. 
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TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

Enbridge Monarch Pipeline 
(planned)  

Planned 24-inch-diameter 
pipeline from the Enbridge 
oil terminal in Cushing, 
Oklahoma to the Texas 
Gulf Coast.  The initial 
capacity would be 
approximately 150,000 
bpd, with the ability to 
expand to about 350,000 
bpd.  The project would 
transport light crude oil 
from Cushing to refineries 
in PADD III. 

Oklahoma and Texas Portions of the Monarch 
Pipeline would be in the 
PCIC in the Cushing, 
Oklahoma area and would 
likely be in the PCIC in the 
vicinity of delivery points in 
Texas.  The route of the 
Monarch pipeline has not 
been announced, but other 
portions of the route may 
also be within the PCIC.  It 
is possible that the 
Monarch pipeline would be 
constructed at about the 
same time as the proposed 
Gulf Coast Segment and 
Houston Lateral. 

Basin Pipeline System 
(existing and proposed) 

A 519-mile-long interstate 
crude oil system with a 
capacity ranging from 
about 144,000 and 
400,000 bpd and about 
5.5 million barrels of 
storage along the system.  
Basin proposed to increase 
pumping in the system to 
increase throughput.  
Modification began in 
2011, with completion 
expected in early 2012.   

New Mexico, Texas, and 
Oklahoma 

Portions of the Basin 
system would be in the 
PCIC in the Cushing, 
Oklahoma area. 

Centurion Pipeline 
(existing) 

2,750 miles of oil-gathering 
pipelines with a throughput 
capacity of about 350,000 
bpd and 5 million barrels of 
storage capability.  The 
system also has 64four 
truck unloading facilities 
along the route. 

New Mexico, Oklahoma, 
and Texas 

Portions of the Centurion 
Pipeline system would be 
in the PCIC in the Cushing, 
Oklahoma area. 

Seaway Pipeline (existing) A 530-mile-long, 30-inch-
diameter pipeline with a 
capacity of about 430,000 
bpd. 

Texas and Oklahoma Portions of the Seaway 
Pipeline would be within 
the PCIC in the Cushing, 
Oklahoma area. 

Natural Gas Pipelines 
Williston Basin Interstate 
Pipeline Company System 
(existing) 

A 3,364-mile-long natural 
gas pipeline transmission 
system. 

Montana, North Dakota, 
South Dakota, Wyoming, 
Colorado, and Kansas 

Portions of the Williston 
Basin System would be 
within the PCIC in eastern 
Montana and northwestern 
South Dakota. 
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TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

Northern Border Pipeline 
(existing) 

A 1,249-mile-long 
interstate natural gas 
pipeline with a design 
capacity of approximately 
2.4 billion cubic feet of gas 
per day (bcfd). 

Montana, North Dakota, 
South Dakota, Minnesota, 
Iowa, Illinois, and Indiana 

Portions of the Northern 
Border Pipeline would be in 
the PCIC in northeastern 
Montana and would be 
near and parallel to the 
proposed pipeline for 
approximately 21.5 miles. 

Enterprise Product 
Onshore Pipeline System 
(existing) 

A natural gas pipeline 
system that includes 
approximately 19,200 miles 
of natural gas pipelines, 
including about 6,560 miles 
in Texas.  

Alabama, Colorado, 
Louisiana, Mississippi, 
New Mexico, Texas, and 
Wyoming,   

Portions of the Enterprise 
Product System would be 
in the PCIC near or within 
the Beaumont/Orange area 
and in the area southeast 
of Houston area 

Northern Natural Gas 
(existing) 

A network of approximately 
15,141 miles of natural gas 
pipelines.   

Minnesota, Wisconsin, 
Michigan, Iowa, South 
Dakota, Illinois, Nebraska, 
Kansas, Oklahoma, and 
Texas 

Portions of the Northern 
Natural Gas pipeline 
system would be within the 
PCIC in Nebraska, South 
Dakota, and Montana. 

Natural Gas Pipeline of 
America (Existing) 

Approximately 9,800 miles 
of natural gas transmission 
system 

Illinois, Iowa, Nebraska, 
Kansas, Oklahoma, Texas, 
New Mexico, Missouri, and 
Arkansas 

Portions of the Natural Gas 
Pipeline System of 
America would be within 
the PCIC in Texas and 
Oklahoma. 

Oklahoma Natural Gas 
Company System 
(existing) 

Approximately 2,500 miles 
of transmission pipeline. 

Oklahoma Portions of the Oklahoma 
Natural Gas system would 
be within the PCIC in 
Oklahoma. 

Lone Star Pipeline System 
(existing) 

Approximately 7,746 miles 
of gathering and 
transmission pipelines. 

Texas Short distances of the Lone 
Star system may be within 
the PCIC. 

Transco Pipeline System 
(existing) 

Approximately 10,560 
miles of transmission 
pipeline with a system 
design capacity of 
approximately 8.1 bcfd. 

Texas, Louisiana, 
Mississippi, Alabama, 
Georgia, South Carolina, 
North Carolina, Virginia, 
Maryland, Pennsylvania, 
New Jersey, and New York

Portions of the Transco 
system would be within the 
PCIC in Texas. 

Gulf Crossing Pipeline 
(existing) 

Approximately 374-mile-
long, 42-inch-diameter, 
interstate natural gas 
pipeline with a capacity of 
approximately 1.73 bcfd. 

Oklahoma, Texas, 
Louisiana, and Mississippi 

Portions of the Gulf 
Crossing Pipeline would be 
within the PCIC in 
Oklahoma and Texas and 
would be parallel and near 
the proposed Project ROW 
between Lamar County, 
Texas, and Bryan County, 
Oklahoma. 

Golden Pass Pipeline 
(existing) 

Approximately 69 miles of 
42-inch-diameter pipeline 
with a transportation 
capacity of about 2.5 bcfd.  

Texas, Louisiana Portions of the Golden 
Pass Pipeline would be 
located within the PCIC 
along the Gulf Coast 
Segment in Texas. 

Bison Natural Gas Pipeline 
(under construction) 

A 301-mile-long, 30-inch-
diameter pipeline with a 
capacity of 500 million 
cubic feet per day (mcfd). 

Wyoming, Montana, and 
North Dakota 

Portions of the Bison 
pipeline would be located 
within the PCIC in Fallon 
County, Montana. 

3-166 
Supplemental Draft EIS  Keystone XL Project 



 

TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

Mid-Continent Express 
Pipeline (MEP; existing) 

A 506-mile-long, 42-inch-
diameter interstate natural 
gas transmission pipeline 
with a capacity of about 1.8 
bcfd in the western portion 
of the project.   

Southeastern Oklahoma, 
northeaster Texas, 
Louisiana, and Alabama  

Portions of the MEP would 
be within or adjacent to the 
PCIC in Bryan County, 
Oklahoma and Lamar 
County, Texas. 

Rockies Express West 
(REX-W; existing) 

A 713-mile-long 42-inch-
diameter interstate natural 
gas transmission pipeline 
with a capacity of 
approximately 1.5 bcfd.  
The project includes 5 
compressor stations.   

Colorado, Wyoming, 
southern Nebraska, 
northeastern Kansas, and 
northern Missouri 

REX-W would cross a 
portion of the PCIC in a 
generally west-to-west 
direction in the vicinity of 
Steele City, Nebraska.   

Carbon Dioxide Pipelines    
Green Pipeline (under 
construction) 

Approximately 320-mile-
long, 24-inch-diameter 
pipeline.  Transport 
capacity will be 800 mcfd.  
Anticipated in-service date 
is mid 2011.  

Louisiana, Texas Portions of this pipeline 
would be within the PCIC 
in Texas and would be 
collocated with the 
proposed Project for 
approximately 46 miles 
between Beaumont, Texas, 
to the start of the Houston 
Lateral. 

Water Delivery Systems 

Dry Prairie Rural Water 
System (under 
construction) 

System to provide drinking 
water to approximately 
27,434 people in eastern 
Montana.  The system will 
consist of 12- to 15-inch-
diameter PVC water 
delivery pipelines 
throughout the service 
area.  Planned completion 
of the overall system is 
2011. 

Montana Portions of the water 
system west of the Fort 
Peck Indian Reservation 
may be within the PCIC in 
northeastern Montana.   

Electrical Transmission Lines 
Mountain States Intertie 
Project (MSTI; proposed) 

Approximately 430 miles of 
500-kV electrical 
transmission line from 
Townsend, Montana to 
Midpoint, Idaho.  Estimated 
in-service date is 2013. 

Montana and Idaho The MSTI Project would be 
in western Montana and 
would not be within the 
PCIC. 

Nebraska Public Power 
District (proposed) 

Upgrades to the existing 
transmission system, 
including more than 140 
miles of 345-kV and 115-
kV transmission lines.  
Estimated in-service date 
is mid 2012. 

Nebraska, Kansas Portions of the Nebraska 
Public Power transmission 
system would be within the 
PCIC in Nebraska. 

Chinook Project (proposed) A 500-kV electrical 
transmission line over 
1,000 miles long.  Est. in-
service date is 2015. 

Montana, Idaho, Nevada The Chinook Project would 
be located in west central 
Montana and would not be 
within the PCIC. 

3-167 
Supplemental Draft EIS  Keystone XL Project 



 

TABLE 3.14.2-1 
Representative Projects Considered in the Cumulative Impacts Assessmenta 

Project Name (Status) Description States Crossed Relationship to Proposed 
Project 

Kansas V-Plan (proposed) Approximately 180 miles of 
765-kV transmission line.  
Estimated in-service date 
is 2013. 

Kansas The Kansas V-Plan would 
be west of Wichita, Kansas 
and would not be within the 
PCIC. 

a  This table provides basic information on representative key projects in the vicinity of the proposed Project that are existing, under 
construction, proposed (applications submitted to agencies with jurisdiction) , planned (announced but not proposed), or reasonably 
foreseeable.  It is not intended to provide a listing of all such projects since there are likely hundreds of existing linear and other 
projects that have contributed to the cumulative impacts within the area in the vicinity of the proposed Project (see Figures 3.14.2-1 
through 3.14.2-4). 
b  The proposed Project cumulative impact corridor (PCIC) is generally defined as a 4-mile-wide corridor centered on the proposed 
pipeline.   

3.14.2.1 Cumulative Impacts from Oil Storage and Transportation Systems 

Future (Proposed or Announced) Oil Storage and Transportation Systems 

Connected Actions to the Proposed Project  

Future oil storage and transportation systems in the vicinity of the proposed Project cumulative impact 
corridor would also contribute to overall cumulative impacts.  For example, since publication of the draft 
EIS, successful open seasons have occurred for two connected actions to the proposed Project.  These 
connected actions are the Bakken Marketlink and Cushing Marketlink Projects.  These two proposed 
projects are addressed as connected actions in Sections 2.5.3, 2.5.4, and 3.15 of this SDEIS and are also 
considered in this cumulative impacts analysis to the extent possible based on currently available 
information.  The Bakken Marketlink Project would receive crude oil from the Williston Basin in 
Montana, North Dakota, and Saskatchewan for shipment to PADD II and PADD III.  The Williston Basin 
is experiencing increased oil production, particularly associated with the development of the Bakken shale 
formation.  The Cushing Marketlink Project would receive crude oil from producers in midwestern U.S. 
states (e.g., Kansas and Oklahoma) for shipment to PADD III.  These two projects would include 
construction and operation of crude oil storage tanks, connecting pipelines, manifolds, metering stations, 
and associated facilities, and construction could overlap with construction of the proposed Project.  
Contribution to cumulative effects during construction would primarily comprise additional dust and 
noise generation, loss of vegetation or crop cover, and minor localized traffic disruptions.  The primary 
contribution to cumulative effects during operations would be increased air emissions from storage tanks.  
However, Keystone Marketlink would be required to obtain air quality permits for the projects and would 
have to comply with the emissions limitations of those permits.  Additional contributions to cumulative 
effects would include effects on visual resources in the vicinity of the storage tanks and manifolds, 
cultural resources, changes in land use, increased tax revenues, and increased employment.  

Another potential connected action to the proposed Project, the BakkenLink Pipeline Project, is currently 
in the assessment stage and may or may not be carried through to construction and operation.  The 
BakkenLink Pipeline Project has concluded an open season, the results of which are unknown at the time 
this EIS was prepared.  Should this project become economically feasible in the future, it would include a 
network of pipelines that would collect crude oil from producers at multiple points across the Bakken oil 
field in the Williston Basin in Montana and North Dakota and deliver up to 100,000 bpd of this crude to 
the proposed Bakken Marketlink Project.  This project would include construction and operation of a new 
305-mile-long crude oil pipeline system in western and southwestern North Dakota that would connect 
areas of the oil field in the Williston Basin to the proposed Bakken Marketlink Project near Baker, 
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Montana.  Should this project be implemented at some future time, its contribution to cumulative effects 
would be similar to those of the proposed Project but would only occur in that portion of the BakkenLink 
Pipeline Project within the vicinity of the proposed Project cumulative impact corridor.  Any indirect or 
induced effects of the BakkenLink Pipeline Project (e.g., potentially accelerating the development of 
crude oil resources in Montana and North Dakota) would be assessed in a future environmental review if 
the project were to seek regulatory approval at some future time.   

Other Projects 

Enbridge, Inc. is implementing a reversal of its existing Portal Link pipeline in North Dakota that would 
provide an on-ramp for Williston Basin oil production to its existing Enbridge Mainline pipeline in 
Saskatchewan.  The reversal is expected to be completed in 2011.  In late 2010, Enbridge announced 
plans for its 24-inch-diameter Monarch pipeline that would extend from the Enbridge oil terminal in 
Cushing to the Gulf Coast.  The pipeline would have an initial capacity of approximately 150,000 bpd, 
with the ability to expand to about 350,000 bpd. 

No other major future proposed oil pipelines have been identified in the vicinity of the proposed Project 
cumulative impact corridor.  However, should additional oil pipelines be constructed within the Project 
area, they would likely contribute to potential cumulative impacts associated with habitat fragmentation, 
land use issues, and viewshed degradation.   

There were no changes to the remainder of this subsection of the EIS that are relevant to environmental 
concerns. 

3.14.3 Cumulative Impacts by Resource 

There have been no substantive changes to Sections 3.14.3.1 through 3.14.3.7 and therefore they are not 
included in the SDEIS.  The draft EIS subsections can be downloaded at www.keystonepipeline-
xl.state.gov. 

3.14.3.8 Threatened and Endangered Species  

Past cumulative effects for threatened and endangered species present near the proposed Project have 
included habitat loss , alteration, and fragmentation primarily due to agricultural, silvicultural, industrial, 
urban and suburban development; reduced water quantity and blockage of fish migrations from 
impoundment and diversion for agricultural or urban use; and reduced water quality from degradation of 
riparian habitats and contamination from agricultural, industrial, urban, and suburban runoff.  Such 
cumulative impacts have led to the overall decline and resulting determination of the “protected” or 
“concern” status for some animals and plants that occur within the vicinity of the proposed Project.   

A number of federally-protected threatened, endangered, proposed-for-listing, and candidate-for-listing 
species potentially occur in the proposed Project vicinity.  These species include 3 mammals, 9 birds, 1 
amphibian, 6 reptiles, 4 fish, 2 invertebrates, and 6 plants (see Section 3.8).  Further review of the 24 
federally-protected species indicates that the proposed Project would likely adversely affect 1 species, 
would not likely adversely affect 11 species with implementation of proposed conservation measures, and 
would have no effect on 12 species.  Of the 7 federal candidate species identified within the proposed 
Project vicinity, it has been determined that 5 candidate species would not likely be present in the affected 
area and the habitat for 2 candidate species would likely be disturbed or altered. 

Incremental loss or alteration of black-tailed prairie dog colonies through prior project construction and 
operation in addition to similar effects from the proposed Project could lead to cumulative impacts on the 
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black-footed ferret and the mountain plover in Montana and South Dakota.  However, the black-tailed 
prairie dog colonies that would be crossed by the proposed Project were determined to be too small to 
support black footed ferrets.  Short-, medium-, or long-term loss or alteration of native grassland and 
sagebrush habitats through the spread of invasive plants in Montana and South Dakota from previous 
projects in addition to similar impacts from the proposed Project could contribute to cumulative habitat 
impacts for federal candidate-for-listing birds, including the greater sage-grouse and Sprague’s pipit.   

The proposed Project could potentially affect 5 migratory birds within their migration range from Texas 
to Montana and/or within their breeding habitats.  Conservation measures proposed for 3 of these birds 
(i.e., whooping crane, piping plover, and interior least tern) include protection of river and riparian 
nesting and migration staging habitats through use of HDD crossing methods and site-specific surveys to 
avoid disturbance to migration staging, nesting, and brood-rearing individuals.  Habitat and disturbance 
impacts at major river crossings from future linear projects would likely incorporate similar conservation 
measures to avoid and minimize affects to these birds.  Future electrical power transmission lines and the 
distribution lines that would serve pump stations and MLVs of the proposed Project or any other future 
projects could incrementally increase the collision hazard for 5 protected or candidate migratory birds.  
Cumulative collision mortality affects would be most detrimental to the whooping crane, interior least 
tern, and piping plover; while perches provided by towers and poles could increase the cumulative 
predation mortality for ground nesting birds, including the greater sage-grouse, interior least tern, 
mountain plover, piping plover, and Sprague’s pipit.  

Incremental impacts to streams and riparian habitats from future linear project construction and the 
accidental spread of exotic aquatic invasive plants and animals could increase cumulative impacts to 
threatened and endangered species habitat.  Increased competition from invasive species could contribute 
to cumulative impacts to native freshwater mollusks and prairie stream fishes which have been 
increasingly recognized as vulnerable.  Multiple stream and wetland crossings, especially those associated 
with small clear springs and streams or freshwater mussel beds, could result in impacts to habitat quality 
that could in conjunction with the impacts of the proposed Project affect federally-protected aquatic 
species of conservation concern.   

The USFWS has determined that the proposed Project may adversely affect the American burying beetle 
through direct mortality resulting from pipeline and associated facility construction and through potential 
long-term habitat alteration resulting from vegetation changes, soil compaction, and pipeline heat 
dissipation.  Conservation measures designed to reduce direct take of American burying beetles would be 
implemented, although some mortality would likely occur.  Compensatory mitigation in the form of 
contribution to protection of occupied habitat for this species would offset these affects by preventing 
future losses through conservation of important habitat and populations, thus reducing cumulative impacts 
on the species.  Construction of new pipelines or other ground disturbing projects through southern South 
Dakota and northcentral Nebraska could contribute to cumulative mortality and loss of habitat.  Any 
additional potential losses within this species would likely require similar conservation methods and 
mitigations, thus reducing overall cumulative impacts on the American burying beetle.   

Implementation of appropriate conservation measures as determined through consultations with federal, 
state, and local agencies for state-protected sensitive species and federally protected threatened, 
endangered, or candidate species for the proposed Project and for future projects would include habitat 
restoration, impact avoidance, and impact minimization which would ameliorate long-term cumulative 
impacts.  Proposed Project reclamation includes restoration of native vegetation and soil conditions and 
prevention of spread and control of noxious weeds for disturbed areas.  Unavoidable alteration and 
maintenance of vegetation structure to ensure pipeline safety and to allow for visual inspection would 
result in some conversion of tall shrub and forested habitats to herbaceous habitats.  These conversions 
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are not expected to adversely affect or contribute to cumulative impacts for any federally protected 
threatened or endangered species.   

3.14.3.9 Noise 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.14.3.10 Land Use 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov. 

3.14.3.11 Visual Resources 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.  

3.14.3.12 Socioeconomics  

The proposed Project area is predominantly rural and sparsely populated, with the population tending to 
increase from north to south along the proposed Project corridor.  The population density in northern 
Montana is less than 1 person per square mile.  In the southern Oklahoma/northeastern Texas area, 
population density ranges from 35 to 40 people per square mile.  In areas in southern Texas, population 
densities range from 50 to 280 people per square mile along the Gulf Coast Segment to nearly 2,000 
people per mile in the urbanized areas at the western end of the Houston Lateral. 

The presence of temporary construction workers requiring housing and other services would be the 
primary contribution of the proposed Project to cumulative socioeconomic impacts.  Construction 
workers would likely utilize the closest available local rental, motel/hotel, RV and camping facilities 
during the construction of each spread.  Since adequate temporary housing and services appear to be 
present along the Gulf Coast Segment and the Houston Lateral, the contribution to cumulative 
socioeconomic impacts in these areas would be short-term and minor.  Along the Steele City Segment of 
the proposed Project, short-term contribution to housing shortages would be mitigated through 
construction and operation of four temporary construction camps in Montana and South Dakota. 

Additional short-term contribution to cumulative socioeconomic impacts would result from increased 
employment opportunities and related labor income benefits, and increased government revenues 
associated with sales and payroll taxes.  The primary long-term contribution to cumulative socioeconomic 
impacts in these areas would include limited employment and income benefits resulting from a very small 
permanent proposed Project operations staff and some local proposed Project expenditures, as well as an 
increased property tax base and associated tax revenues.  Operation of the proposed Project would require 
relatively few permanent employees; thus, there would be little contribution to long-term cumulative 
impacts on population, housing, municipal services, or traffic in the proposed Project area.  The increased 
tax revenue paid to the state and local governments over the life of the spectrum of projects in the 
proposed Project vicinity would result in beneficial long-term cumulative economic impacts.  Keystone 
estimates that $138.4 million in annual property tax revenues would be generated by the proposed Project 
in the region of influence.  This estimate is based on 2006 tax rates and an estimated $7.0 billion of 
capital costs.  It should be noted that these revenues may increase since the current estimate of proposed 
Project capital cost has been raised to an estimated $9.0 billion. 
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Environmental Justice Considerations 

As described in Section 3.10.1 of this SDEIS and summarized below, DOS identified minority and low-
income populations within a 4-mile-wide corridor centered on the proposed pipeline centerline to 
determine potential impacts to these populations.   

In the analysis, 287 census block groups were identified either partially or totally within the 4-mile-wide 
environmental justice analysis area, and the percentage of each census block group’s population 
represented by each U.S. Census Bureau minority classification (i.e., each race, aggregate race minority 
population, and Hispanic/Latino ethnic origin) was calculated.  Towns and cities within and near the 
analysis area with minority populations and low-income populations meaningfully greater than state-wide 
averages were also identified (see Figures 3.10.1-1 through 3.10.1-6).  In addition, HPSA and/or MUA/P 
areas were identified in counties with minority and low-income populations along the proposed Project 
corridor (see Table 3.10.1-18 and Figures 3.10.1-7 through 3.10.1-13).  Cumulative impacts to minority 
and low-income populations related to past and reasonably foreseeable future projects could occur, 
particularly if future projects place additional demands on medical services in HPSA and/or MUA/P 
areas.  However, the contribution of the proposed Project to these cumulative impacts would be minor 
since the permanent workforce associated with the proposed Project is very small.   

Several commenters on the draft EIS expressed concern that there would be indirect cumulative adverse 
impact to minority and low-income populations due to increased or potentially more toxic air emissions 
associated with the refining of WCSB crude oil within PADD III.  DOS has assessed the composition of 
heavy WCSB crude oils likely to be transported by the proposed Project and compared these crude oils to 
the typical crude oils currently refined in PADD III (see Section 3.13.5.1).  The heavy WCSB crude oils 
would either displace or replace the heavy crude oils originating from other sources that are currently 
refined in PADD III. 

The more volatile and toxic aromatic components of crude oil are generally of greatest concern when 
considering the potential health effects from refinery air emissions.  In general, lighter crude oils, such as 
Alaskan North Slope crude oil, have higher concentrations of these more volatile and toxic aromatic 
fractions than either the WCSB heavy crude oils or the typical heavy crude oils (e.g., Mexican Maya and 
Venezuelan Bachaquero) currently refined in PADD III.  As discussed in Section 3.13.5.1, the WCSB 
crude oils that would be transported by the proposed Project have characteristics (e.g., sulphur content 
and heavy metals content) that make them comparable to and of similar quality to the heavy crude oils 
currently refined in PADD III.  Additionally, each refinery would blend individual feedstock streams to 
generate an optimized crude oil blend prior to initiating the refining process.  The blend would be 
optimized based on the types of crude oil stored at the refinery and available for blending, specific 
refinery configuration, processing equipment, and desired end product mix.  For example, blending 
WCSB dilbit crude oil with a lighter Middle East crude oil or even with SCO crude oil would create a 
feed blend for refining that would be similar to West Texas Intermediate crude oil.  Regardless of the 
types of oil, the refineries currently optimize the blend prior to refining and their future blends would 
likely be similar.  Therefore, displacement or replacement of the heavy crude oils currently refined in 
PADD III refineries with heavy WCSB crude oil transported by the proposed Project would not likely 
change the overall load of toxic or noxious refinery emissions during either normal operation or during 
shutdown/startup conditions.  As a result, incremental contribution to cumulative health risks of minority 
or low-income populations would not likely result from the displacement or replacement of heavy crude 
oil currently refined in PADD III with WCSB heavy crude oil transported by the proposed Project.   
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3.14.3.13 Cultural Resources 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.  

3.14.3.14 Air Quality 

This section includes supplemental information on cumulative impacts related to emissions from 
refineries and from the emission of GHG. 

Refineries 

While the proposed Project does not include construction, retrofit or operation of any refineries that could 
receive crude oil transported through the proposed Project, refinery operations could contribute to 
increased cumulative impacts to air quality in the vicinity of the proposed Project cumulative impact 
corridor or beyond if changes in the type or quantity of refinery emissions occurred in the future as a 
direct result of refining crude oil transported by the proposed Project.  Such changes could occur if the 
proposed Project induced construction of a new refinery, induced expansions of capacity in existing 
refineries, induced existing refineries to add new downstream processing units (such as cokers or fluid 
catalytic converters), and/or induced the refineries to process a different crude oil slate (e.g., one that was 
higher in sulfur content and lower in API gravity with different heavy metals content).   

As discussed in Sections 1.2 and 1.4 of this SDEIS, crude oil delivered to PADD II and PADD III 
refineries would replace domestic crude oil supplies processed at these refineries or supplant existing 
supplies from overseas that are less stable, more costly, or otherwise less desirable to the refineries.   

PADD II Refineries 

The proposed Project would supply up to 200,000 bpd to the proposed Cushing tank farm in PADD II.  
While the specific receiving refineries are not known at this time, there are some refineries or geographic 
areas proximal to the proposed Project that would be more likely to receive crude oil transported through 
the proposed Project.  There are 27 refineries in PADD II that have a 2008 capacity to process over 3.9 
million bpd of crude oil (Table 3.14.3-3), and heavy crude oil deliveries to these refineries totaled at least 
900,000 bpd in 2008.  According to EnSys (2010), the WCSB heavy crude oil deliveries to PADD II 
totaled 1.22 million bpd in 2009.  The majority of the heavy crude oil supply to PADD II is provided via 
pipelines from Canada. 

Crude oil deliveries through the proposed Project to the Cushing tank farm would generally serve 
refineries in PADD II, which includes 15 states in the Midwest from North Dakota to Oklahoma and east 
to Ohio.  Crude oil refineries in those 15 states including the crude oil capacity for each refinery are 
presented in Table 3.14.3-3.   

In PADD II, expansions and upgrades have been proposed or implemented in Oklahoma (Sinclair), 
Illinois (WRB Refining and ConocoPhillips Refinery), Michigan (Marathon), and Indiana (Whiting).  
There is no indication that the availability of oil transported via the proposed Project would directly result 
in specific expansions of existing refineries and development of new refineries (none have been built in 
the U.S in 30 years).   
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TABLE 3.14.3-3 
PADD II Refinery Crude Capacity: 2008 

Refineries 
Crude Oil Capacity 

 (thousand bpd) 
ExxonMobil, Joliet, IL 250 

Marathon, Robinson, IL 214 

PDV Midwest Refining, Lemont, IL 171 

WRB Refining, Wood River, IL 322 

BP Whiting, IN 420 

Countrymark, Mount Vernon, IN 27 

Coffeyville Resources, Coffeyville, KS 120 

Frontier, El Dorado, KS 135 

NCRA, McPherson, KS 88 

Marathon, Catlettsburg, KY 250 

Somerset. Energy, Somerset, KY (idle) 0 

Marathon, Detroit, MI 114 

Flint Hills, Saint Paul, MN 330 

Marathon, Saint Paul, MN 84 

Tesoro, Mandan, ND 60 

BP-Husky, Toledo, OH 160 

Lima Refining, Lima, OH 170 

Marathon, Canton, OH 85 

Sunoco, Toledo, OH 175 

ConocoPhillips, Ponca City, OK 210 

Sinclair, Tulsa, OK 75 

Sunoco, Tulsa, OK 90 

Valero. Ardmore, OK 92 

Ventura, Thomas, OK (idle) 0 

Wynnewood Refining, Wynnewood, OK 75 

Premcor, Memphis, TN 182 

Murphy Oil, Superior, WI 35 

PADD II GRAND TOTAL  3,934 

Source: U.S. Energy Information Administration (EIA), Refining Capacity 2009. 

PADD III Refineries  

The proposed Project would supply up to 630,000 bpd to customers along the Gulf Coast in PADD III, 
which covers six states from New Mexico to Alabama.  There are 58 refineries in PADD III with a 2008 
refining capacity of approximately 8.4 million bpd (Table 3.14.3-4).  Heavy crude oil accounted for 
approximately 2.5 million bpd of the crude oil refined in PADD III in 2008 and the proportion of heavy 
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crude oil refined is expected to grow.   In 2009 PADD III as a whole imported 2.9 million bpd of heavy 
crude oil (EnSys 2010).   

As identified in Table 3.14.3-4, a total of 15 refineries in PADD III would be connected directly to the 
hubs to which the proposed Project connects.  These 15 refineries are in the Houston, Texas; Port Arthur, 
Texas; and Lake Charles, Louisiana areas, and have a total crude oil capacity of almost 4 million bpd, 
including over 1.4 million bpd of heavy crude oil capacity (EIA 2009, Purvin & Gertz 2009).  Oil 
transported via the proposed Project could be delivered to other refineries in PADD III through the 
existing pipeline network that extends throughout those general areas.  The other refineries in PADD III 
have a total crude oil refining capacity of 4.4 million bpd, including approximately 1.1 million bpd of 
heavy crude oil. Thus, crude oil deliveries from the proposed Project could be processed at any of the 
refineries with direct or indirect access to the delivery points of the proposed Project.  

The crude oil capacity for each refinery in PADD III, including refineries with direct access to the 
proposed Project, without direct access to the proposed Project, and with possible pipeline connection to 
the proposed Project, are identified in Table 3.14.3-4.   

TABLE 3.14.3-4 
PADD III Refinery Crude Capacity: 2008 

Refineries 
Crude Oil Capacity 

 (thousand bpd) 

Gulf Coast Refineries with Direct Pipeline Access to the Proposed Project  

Motiva Enterprises LLC; Port Arthur, TX 285 

Total Petrochemicals; Port Arthur, TX  232 

Valero Energy Corp.; Port Arthur, TX 289 

Exxon Mobil; Beaumont, TX  349 

Pasadena Refining; Pasadena, TX  100 

Houston Refining (Lyondell); Houston, TX 271 

Valero Energy Corp.; Houston, TX 83 

Deer Park Refining; Deer Park, TX 330 

Exxon Mobil; Baytown, TX 567 

BP; Texas City, TX 478 

Marathon Oil; Texas City, TX 76 

Valero Energy Corp.; Texas City, TX 200 

Calcasieu Refining; Lake Charles, LA 53 

CITGO; Lake Charles, LA 430 

ConocoPhillips; Lake Charles/Westlake, LA 239 

Sub-Total Group I 3,981 

Gulf Coast Refineries in PADD II Without Direct Pipeline Access to the Proposed Project 

Hunt Refining Co.; Tuscaloosa, AL 35 

ConocoPhillips; Belle Chasse, LA 247 

Exxon Mobil; Baton Rouge, LA 503 

Valero Energy Corp.; Krotz Springs, LA  80 
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TABLE 3.14.3-4 
PADD III Refinery Crude Capacity: 2008 

Refineries 
Crude Oil Capacity 

 (thousand bpd) 
Valero Energy Corp.; St. Charles, LA 185 

Marathon Oil; Garyville, LA 256 

Chalmette Refining; Chalmette, LA 193 

Murphy Oil; Meraux, LA 120 

Motiva Enterprises LLC; Norco, LA 236 

Motiva Enterprises LLC; Convent, LA 235 

Placid Refining; Port Allen, LA 56 

Shell Chemical; Saint Rose, LA 55 

ChevronTexaco; Pascagoula, MS 330 

ConocoPhillips; Sweeny, TX 247 

CITGO; Corpus Christi, TX  156 

Valero Energy Corp.; Three Rivers, TX 96 

Flint Hills Resources; Corpus Christi, TX 288 

Valero Energy Corp.; Corpus Christi, TX  142 

Sub-Total Group 2 3,460 

Inland PADD III Refineries with Possible Pipeline Connection to the Proposed Project 

Navajo Refining; Artesia, NM 84 

WRB Refining; Borger, TX  416 

Valero Energy Corp.; Sunray/McKee, TX  171 

Alon USA; Big Spring, TX 67 

Delek; Tyler, TX 58 

Sub-Total Group 3 526 

Inland PADD III Refineries without Pipeline Access to the Proposed Project 

Other Refineries without Access 449 

Sub-Total Group 4 449 

PADD III GRAND TOTAL  8,416 

Source: U.S. Energy Information Administration (EIA), Refining Capacity 2009. 

There are ongoing or completed major refinery upgrades at several PADD III refineries that would have 
direct pipeline access to crude oil transported through the proposed Project (i.e., Motiva, Port Arthur; 
Valero, Texas City; and Total, Port Arthur) and at several PADD III refineries without direct pipeline 
access (Borger, Texas; Artesia, New Mexico; and Garyville, Louisiana). There are also continuing plans 
for upgrades in Port Arthur, revived plans for upgrades in St. Charles and Tuscaloosa, Alabama, and 
smaller-scale upgrades elsewhere designed to increase heavy crude oil refining capacity in PADD III.  
There is no information that any of these refinery upgrades are being made specifically as a result of the 
proposed Project, although at least two refineries (Valero, Texas City and Motiva, Port Arthur) have 
indicated publicly they would receive crude oil from the proposed Project if it is constructed.  Both of 
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those refineries are proceeding with their upgrading, and whether the proposed Project is constructed or 
not, those refineries would be expected to utilize the upgraded capacity to process a relatively heavier 
slate of crude oil.  When the expansion and upgrade at the Motiva refinery was announced in 2006, the 
primary stated purpose was to process more heavy crude oils from Saudi Arabia. 

Future Projections of Refinery Crude Oil Slates, Expansions and Investments in PADD III 

To address the potential that the proposed Project could induce changes in crude oil slates, or induce 
refinery expansions and capital investments, an independent analysis of various aspects of the proposed 
Project was commissioned by the DOE Office of Policy and International Affairs (EnSys 2010).  This 
analysis incorporated projections of likely future PADD III refinery operations, including total refinery 
throughputs and potential refinery expansions and investments (i.e. adding downstream processing units 
to process a different crude slate) and the average crude slate quality (measured by average API gravity 
and sulfur content).   

The EnSys (2010) report (Appendix A of the SDEIS) assessed seven alternative pipeline expansion 
scenarios for two separate petroleum product demand outlooks, a Reference outlook (the 2010 U.S. EIA 
Annual Energy Outlook) and a Low Demand outlook (based on a February-March 2010 EPA study 
assuming “more aggressive fuel economy standards and policies to address vehicle miles travelled”).  The 
different scenarios examined resulted in a range of projected WCSB crude oil volume refined in PADD 
III in 2030 from 0.57 million bpd (No Keystone XL Project [KXL] + Hi Asia16) to 1.79 million bpd 
(KXL no TMX), or 7 to 21 percent of total crude oil refined in PADD III.  Three of these scenarios have
been selected to highlight the potential impacts in PADD III directly attributable to the proposed Proj
These three scenarios are: the KXL scenario (assumes the proposed Project is built), the no-KXL scenario 
(assumes the proposed Project is not built), and the No Expansion scenario (assumes that the proposed 
Project is not built but the Trans Mountain TMX2 and TMX3 expansions proceed and additional pipeline 
capacity is constructed in the near-term between PADDs II and III).  

 
ect.  

                                                

As presented in Table 3.14.3-5, the EnSys (2010) results suggest there could be more WCSB crude oil 
refined in PADD III by 2020 if the proposed Project is implemented as compared to a scenario without 
the proposed Project.  The volume of WCSB crude oil refined in PADD III in 2030 would remain 
virtually the same with or without the proposed Project.  Even with some differences in the total volume 
of WCSB crude oil refined in PADD III across the three scenarios presented in Table 3.14.3-5, the 
average API gravity and the average sulphur content of the crude oil slate would be essentially the same 
with or without the proposed Project.  Additionally, these projections suggest that construction of the 
proposed Project would not be expected to alter market conditions in PADD III to induce construction of 
a new refinery, to induce expansion of existing refineries, to induce significant differences in investment 
levels in refinery down-stream processing units, or to induce significant differences in average crude-slate 
quality.  Therefore there would be little, if any, difference in emissions associated with crude oil refining 
in PADD III with or without the proposed Project. 

These results are consistent with certain known attributes of world crude oil markets: 

• Refiners in the United States primarily serve the U.S. market for finished transportation fuel 
(gasoline, diesel, etc.).  Thus, total throughput at U.S. refineries is determined largely by the U.S. 
demand for transportation fuel derived from crude oil.  As discussed in Section 4.1 (No Action 
Alternative), construction of the proposed Project is unlikely to have any significant impact on 
demand for transportation fuel.   

 
16 See the EnSys report in Appendix A of this SDEIS for full explanation of individual scenarios assessed.   
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• Crude oil is a relatively freely exchangeable (fungible) commodity, with low marine-shipping 
costs, and with prices set within a world market that consumes over 80 million bpd.  Therefore 
shipping 830,000 bpd from a particular source of crude oil to a particular set of refineries would 
not necessarily have a large impact on the overall crude market or the competitive position of the 
PADD III refiners relative to that market.    

• Refineries are optimized to process a particular crude slate into a particular set of refined 
products, and it is not easy or economically efficient in the short to medium term for a refinery to 
make significant changes in its crude slate quality.  Thus, refineries (particularly large refineries 
in the Gulf Coast) typically obtain crude oil from a variety of sources, and blend those crude oils 
to achieve a consistent crude oil feedstock quality.  If a refinery obtains a significant amount of a 
relatively heavier crude oil compared to what it has been processing, there is significant incentive 
for that refinery to balance the heavier crude oil with a relatively lighter crude oil to achieve 
consistent input quality.   

• Most of the refineries in PADD III have already made significant capital investments in the 
downstream processing units necessary to refine a relatively heavier, more sulfurous crude oil 
blend.  As stated previously in Section 1.2.2.3, PADD III has a particularly high heavy crude oil 
processing capacity in part because Mexico and Venezuela encouraged expansion of the heavy oil 
refining capacity through joint-venture investments in Gulf Coast refineries to create a more 
profitable market for their heavy crude oil resources.  Having made those investments, to operate 
the refineries most efficiently, those refineries have significant incentive to seek out a heavier 
slate of crude oil, regardless of whether there is increased transport capacity to deliver WCSB oil-
sands derived crude oils to PADD III.  For example, in 2008 and 2009 the fifteen refineries in 
PADD III that would have direct pipeline access to the proposed Project (which are located in the 
Houston, Texas; Port Arthur, Texas; and Lake Charles, Louisiana areas) imported 1.25 and 1.07 
million bpd respectively of crude oil with a sulfur content higher than 2.5 percent (Table 3.14.3-
6).  Of those amounts, approximately 600,000 bpd each year was Mexican Maya crude oil, with 
an API gravity of approximately 22 and sulfur content of approximately 3.4 percent, which is 
similar to a diluted bitumen product such as Western Canadian Select (although other dilbits also 
have a slightly higher sulfur content).  The EnSys (2010) economic analysis indicates that rather 
than increasing the total amount of heavy crude oils processed in PADD III, the availability of 
WCSB crude oils would likely replace heavy crude oils from other sources, particular Mexican 
Maya, which is projected to decrease dramatically over the next decade. 

TABLE 3.14.3-5 
Potential PADD III Refinery Operations in 2020 and 2030 

KXL No KXL No Exp + P2P3 
Pipeline Construction Scenario  

2020 2030 2020 2030 2020 2030 
WCSB Oil Sands Crude Oil Refined in PADD III 
(mbd) 0.59 1.43 0.19 1.39 0.19 1.01 

PADD III Total Refinery Throughput (mbd)a 8.1 8.5 8.1 8.5 8.1 8.4 
WCSB Oil Sands Crude Oil Refined in PADD III  
(% of total)  7 17 2 16 2 12 

PADD III Refinery Investments  
(cumulative from 2010 in billion $) 25 43 25 43 25 42 

PADD III Crude Slate Average API gravity 31.89 30.15 31.98 30.20 31.98 30.36 

PADD III Crude Slate Average Sulfur Content (%) 1.47 1.72 1.46 1.72 1.46 1.72 

a mbd = million barrels per day 
Source: EnSys 2010 (see Appendix A of this SDEIS). 
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TABLE 3.14.3-6 
2008-2009 Crude Oil Imports with Average Sulfur Content above 2.5% 

at PADD III Refineries That Would Have Direct Pipeline Access to Proposed Project 
Year Amount (Million bpd)a Average API Average Sulfur Content 

2008 1.25 23.5 3.13 

2009 1.07 21.85 3.16 

a bpd = barrels per day 
Source: EnSys 2010 (see Appendix A of this SDEIS). 

One important measure of crude quality not included in the EnSys analysis is the total content of the 
BTEX in the crude oil. These volatile and toxic aromatic components of crude oil are of significant 
concern when considering the potential health effects from refinery air emissions.  In general, lighter 
crude oils, such as Alaskan North Slope crude oil or Brent Blend, tend to have higher concentrations of 
these more volatile and toxic aromatic fractions than either the WCSB heavy crude oils or the typical 
heavy crude oils (e.g., Mexican Maya and Venezuelan Bachaquero) currently refined in PADD III.  API 
gravity and total BTEX content for a variety of crude oils produced in the world are presented in Table 
3.14.3-7 with a focus on those currently refined in PADD III.  The dilbits that would be delivered by the 
proposed Project have a slightly higher BTEX content than many other heavy crude oils, but a lower 
BTEX content than Mexican Maya, a crude oil that has been refined in PADD III in large quantities for 
many years.  Additionally, the BTEX content of the dilbits that would be transported by the proposed 
Project is much lower than that of many lighter crude oils.   

TABLE 3.14.3-7 
API Gravity and Total BTEX Content for a Variety of Crude Oils Produced in the World and 

Currently Refined in PADD III 
Crude Name (Origin) API Gravity Total BTEX (ppm) a 
Western Canadian Select (DilSynBit; Canada) 21.3 7700 

Cold Lake Blend (DilBit; Canada) 21.6 9800 

BCF 24 (Venezuela) 23.4 5210 

Alaska North Slope  25 - 30.89 15,430 – 22,624 

Hondo (California) 19.6 6830 

Sockeye Sour (California) 18.8 6748 

Mexican Maya (Mexico) 21.3 – 21.8 5500-9773 

SynCrude Synthetic (Canada) 31.7 13,100 

CNRL Light Sweet Synthetic (Canada) 35 9500 

West Texas Sour  30.2 20,540 

West Texas Intermediate  36.4 – 40.8 9640 

South Louisiana 32.72 12,210 

Empire (Louisiana) 33.8 6110 

Arab Light (Saudi Arabia) 31.3 10,950 

Brent Blend (UK) 37.8 – 38.3 20,550 

Sakhalin (Russia) 32.3 49,212 

a The publicly available crude assays for many of the imported heavy oils in the Gulf coast (from Kuwait, Saudi Arabia, etc.) do not 
include information on total BTEX (benezene, toluene, ethylbenezene, xylenes) content; ppm = parts per million. 
Source:  Environment Canada 2011. 

3-179 
Supplemental Draft EIS  Keystone XL Project 



 

Some commenters expressed concern regarding the potential impacts of the proposed Project relative to 
refinery emissions in startup, shutdown, and maintenance (SSM) events.  During an SSM event, refinery 
emissions do not count towards emission limits within the facility CAA permit.  A review of Texas 
Council of Environmental Quality data reveals that a substantial percentage of annual refinery sulfur 
dioxide emissions (up to approximately 50 percent) could be related to SSM events (TCEQ 2009).  Since 
each refinery would likely blend individual feedstock streams to generate an optimized crude oil blend 
prior to initiating the refining process, emissions associated with SSM events would result from refining 
the blend, not the individual crude oil components.  Since refineries currently optimize the blend prior to 
refining, future blends would likely be similar to current blends, regardless of crude oil source.    For 
example, blending the WCSB dilbit and SCO crude oils likely to be transported by the proposed Project 
would create a feed blend for refining that would be similar to West Texas Intermediate crude oil.  
Therefore, displacement or replacement of crude oils currently refined in PADD III refineries with WCSB 
crude oils that would be transported by the proposed Project would not likely change the overall load of 
toxic or noxious refinery emissions during either normal operation or SSM events.  

The EnSys report (2010) assessed seven different WCSB crude oil transportation scenarios under both the 
EIA Annual Energy Outlook 2010 (AEO) for reference global and U.S. petroleum supply and demand 
projections, and a low demand outlook provided to DOE by EPA (i.e., a total of 14 scenarios were 
assessed).  According to EnSys, all scenarios assessed resulted “…in very similar U.S. refinery 
investments, expansions, throughputs, and thus total crude import levels, U.S. product import and export 
levels, U.S. import costs, U.S. and global refinery CO2 emissions and global life-cycle GHG emissions.  
Impacts of changing pipeline assumptions on overall U.S. crude slate quality, U.S. Gulf Coast (PADD3) 
crude slate and refining activity were also limited” (EnSys 2010).  One scenario assessed, the No 
Expansion pipeline scenario (no expansion beyond existing pipeline capacity from WCSB to the U.S. or 
elsewhere, which limits WCSB crudes export capacity), would result in the lowest volume of WCSB 
crude oil delivery to PADD III, approximately 100,000 bpd.  Without the proposed Project and additional 
pipelines from PADD II to PADD III, the crude oil demand balancing supply to PADD III would likely 
be imported from the Middle East and Africa (EnSys 2010). 

Under the EnSys (2010) No Expansion scenario, cumulative refinery investments are similar to the other 
scenarios in the 2020 timeframe, but approximately 10 percent less than the EnSys (2010) KXL scenario 
in 2030.  PADD III refinery crude throughputs are slightly lower in the EnSys (2010) No Expansion 
scenario (approximately 300,000 bpd less than the EnSys (2010) KXL scenario), but are offset by 
corresponding increases in PADD II throughputs, as there is projected expansion there to process the 
greater supply of “locked-in” WCSB crude in PADD II (approximately 300,000 bpd more than the other 
scenarios), which would shift any potential, projected refinery expansion in the 20-year time frame from 
PADD III to PADD II.  PADD III crude slate quality was projected to be slightly better in the EnSys 
(2010) No Expansion scenario, and was also projected to have up to 5 percent less sulfur than the other 
scenarios (1.42 percent) and to be up to 4 percent lighter in average API gravity (31.29) than the other 
scenarios.   

As explained further elsewhere, the EnSys (2010) report judged the No Expansion scenario to be 
“unlikely” in large part because the WORLD model indicated that if the proposed Project were not 
constructed, there was projected market demand to support adding broadly similar additional pipeline 
capacity, including to the PADD III Gulf Coast.  This conclusion may be especially true regarding the 
addition of pipeline capacity between PADD II and PADD III because there are many fewer regulatory 
hurdles to the construction of such pipelines, and numerous right-of-ways already exist for pipelines that 
transport crude oil and refined products from PADD III to PADD II.  Also, the EnSys report explicitly 
excluded examining the possible addition of rail or barge transport capacity.  As has been shown by the 
development of Bakken production infrastructure in Montana and North Dakota (where 200,000 bpd of 
rail transport capacity is being added over the next 2 years), significant rail capacity can be added 
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relatively quickly where there is both market demand and constraints on existing pipeline capacity.  These 
observations suggest that the contribution to cumulative air emissions in PADD III resulting from future 
refinery activities would be independent of the proposed Project (i.e., the total emissions would be similar 
with or without the proposed Project).  Additional information relative to refineries that could receive 
crude oil transported by the proposed Project is presented below. 

The existing refineries processing heavy crude oil in PADD II and PADD III are designed and permitted 
to refine heavy crude oil.  As a result, the processing of heavy crude oil transported via the proposed 
Project would be required to occur within existing permit thresholds.  Permitting of these facilities is 
under the authority of EPA as the federal agency that implements and enforces the requirements of the 
CAA.  State agencies with delegated authority to administer air quality programs and with approved SIPs 
include Texas and Louisiana.  The permitting process is designed to avoid significant cumulative impacts 
to regional air quality associated with air emissions.  Potential refinery expansions are in various stages of 
planning and implementation, and each refinery is unique in regard to the size and type of expansion or 
upgrade, the type of best available control technology (BACT) that has been or would be implemented, 
the status of the expansions, the availability of air emissions modeling, and the resulting impact of 
associated emissions relative to existing conditions.   

Federal regulations require that refineries undergoing substantial modification must integrate BACT into 
their design, operation, and emission offsets.  In some cases, expansions in refined oil volume in 
association with BACT modifications can result in decreases in overall emissions, particularly for older 
refineries using outdated emission controls.   

DOS (2009) provided a review of various refinery expansions and upgrades in PADD II associated with 
increasing the capacity of heavy crude oil processing.  Specifically, DOS quantitatively reported on the 
change in emissions of criteria pollutants associated with proposed refinery expansions in Illinois, 
Indiana, and Michigan.  Any refinery expansions or upgrades at refineries that could receive crude oil 
from the proposed Project would likely be required to adhere to similar regulatory standards.  As a result 
of improvements in control technologies and the use of offsets, these refinery upgrades and expansions 
generally resulted in an overall increase in carbon monoxide, and a decrease in emissions of particulate 
matter, sulfur dioxide, and nitrogen dioxides.  Volatile organic emissions tended to decrease slightly, but 
not consistently.  These results indicate that current BACT requirements for expansion of existing 
refineries with outdated control technologies could result in an overall reduction in emissions relative to 
baseline conditions for some criteria pollutants.   

Cumulative air emissions in PADD III are likely to change over time as a result of ongoing and planned 
refinery expansions, whether or not the proposed Project is implemented.  The largest permitted refinery 
expansion for processing heavy crude oil in recent years is for the Motiva refinery in Port Arthur, Texas.  
This expansion would increase the heavy oil refining capacity of Motiva by 325,000 bpd (from 275,000 
to 600,000 bpd) with a projected in-service date of 2012.  The Motiva refinery would have direct access 
to the proposed Project and would have the largest heavy oil refining capacity in PADD III.  This 
expansion would result in increases in most criteria pollutants, although there would be a reduction in 
VOCs (Table 3.14.3-8).  The likely reasons that this expansion would result in net increases in most 
emissions include the overall size of the expansion and the fact that the existing refinery was already 
using relatively modern emission controls.  Any modification to the existing refining processes would 
therefore not produce emission reductions in the same proportion as would occur for more outdated 
refineries.  Specific emission estimates are unavailable for other refinery expansions under consideration 
in PADD III.   
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TABLE 3.14.3-8 
Net Emissions for the Motiva Refinery Expansiona 

NOx (tons) CO (tons) VOC 
(tons) 

SO2 
(tons) 

PM 
(tons) 

C6H6 
(tons) 

H2SO4 
(tons) 

H2S 
(tons) 

NH3 
(tons) 

Cl2 
(tons) 

592.74 1,489.53 -116.73 1679.73 464.37 -0.47 22.24 4.33 125.69 3.77 

a NOx = Oxides of nitrogen; CO = Carbon monoxide; VOC = Volatile organic compounds; SO2 = Sulfur dioxide; PM = Particulate 
matter; C6H6 = Benzene; H2SO4 = Sulfuric acid; NH3 = Ammonia; CI2 = Chlorine. 
Source:  TCEQ 2009. 

Cumulative air impacts along the proposed Project cumulative impact corridor could change if new 
refineries are constructed in the future, although EnSys (2010) indicates such potential refinery 
construction is not sensitive to whether the proposed Project is implemented or not.  There are currently 
no new refineries planned within about 500 miles of any delivery point for the proposed Project, although 
one new refinery is proposed in the northern portion of PADD II, the Hyperion Energy Center in South 
Dakota.  While no new refinery has been permitted and built in the U.S. in the past 30 years, estimates of 
emissions used in the permitting process for the proposed Hyperion project can be used to allow 
quantification of potential emissions from upgraded refineries capable of processing heavy crude oil in 
PADD III that would use modern technology to process heavy crude oil.  In fact, the calculated emissions 
presented in the permitting process for the proposed Hyperion refinery are generally comparable to those 
calculated for the ongoing 325,000-bpd Motiva expansion.  The calculated emissions resulting from 
processing up to 400,000 bpd for the proposed Hyperion refinery (SDDNR 2008) are: 

• 773 tons of NOX;  

• 1,999 tons of CO;  

• 863 tons of SO2;  

• 828 tons of VOCs; and  

• 1,046 tons of particulate matter (PM). 
   
It is expected that most of the oil transported by the proposed Project would replace historic crude oil 
supplies or supplant supplies from less stable or more costly sources for the following reasons: 

• The maximum volume of oil that would be transported by the proposed Project (830,000 bpd) 
represents approximately 7 percent of the overall crude oil refining capacity of PADD II and 
PADD III (over 12 million bpd); 

• The supply of domestic crude oil is substantially diminished and in relative decline (although it 
increased in 2010 based on increased production from the Bakken shale in North Dakota and 
Montana, and from offshore extraction); 

• The current supply of heavy crude oil delivered to PADD III from current overseas sources is 
either declining or at risk for political reasons; and  

• There is a well developed existing regional infrastructure to facilitate distribution of crude oil 
transported by the proposed Project among existing PADD II and PADD III refineries.  

Although the EnSys (2010) results indicate that the construction of the proposed Project is not likely to 
impact imported amounts of WCSB crude oil or refinery emissions, the following hypothetical emissions 
estimate is presented for illustrative purposes.  A conservative hypothetical maximum emissions estimate 
could be developed by assuming that the entire crude oil volume transported by the proposed Project 



 

would be heavy crude oil and that it would be refined at upgraded refineries.  Using the emissions 
estimates discussed above for the Motiva refinery upgrade and the proposed Hyperion refinery project, 
this hypothetical maximum emissions estimate can be calculated by multiplying the maximum proposed 
Project throughput (830,000 bpd) by the emission rates per barrel reported for Motiva or Hyperion since 
these refineries are assumed to be typical for recently upgraded refineries implementing BACT.  
Hypothetical maximum annual emissions of NOX would range between about 1,514 and 1,604 tons, CO 
emissions would range between about 3,804 and 4,148 tons; SO2 emissions would range between about 
1,791 and 4,290 tons, particulate matter emissions would range between 1,186 and 2,170 tons, and VOC 
emissions would be about 1,718 tons.  However, since the crude oil transported by the proposed Project 
would be replacing or displacing crude oil from other sources, the majority of the emissions generated 
from refining crude oil transported by the proposed Project would not result in incremental increases to 
refinery emissions in either PADD II or PADD III.  Additionally, it is expected that approximately one-
third of the volume transported by the proposed Project would not be heavy crude oil, particularly in light 
of the proposed Bakken Marketlink and Cushing Marketlink connected actions.   

End Use 

Some commenters on the draft EIS expressed concerns relative to indirect contributions to cumulative air 
quality impacts related to the combustion or other use of petroleum products refined from the crude oil 
that would be transported to PADDs II and III by the proposed Project.  The end use of refined petroleum 
products could include combustion (e.g., vehicles, power generation, or other industrial facilities) or non-
combustion uses (e.g., asphalt, petroleum coke, liquefied refinery gases, and lubricants).  The ultimate use 
of refined product originating from crude oil transported by the proposed Project would not produce 
different end use emissions.  Criteria pollutant emissions from consumer and manufacturing use of 
refined petroleum products are regulated under permits for some uses (e.g., mass transportation vehicles 
and petrochemical processing) and not for others (e.g., private vehicles) beyond standard quality rules 
designed to reduce pollutants (e.g., oxygenated fuels, low-sulfur diesel, CAFÉ standards).  For instance, 
the CAFÉ regulations in the United States, first enacted by Congress in 1975, are federal regulations 
intended to improve the average fuel economy of cars and light trucks (trucks, vans and sport utility 
vehicles) sold in the U.S.  In 2011, the standard changes to include many larger vehicles.   

Greenhouse Gases and Climate Change  

Contribution to cumulative impacts from GHG would result directly from construction and operation of 
the proposed Project.  Contribution to cumulative impacts from GHG could also result from activities 
indirectly related to the proposed Project (e.g., crude oil extraction, refining, and refined product end 
uses) if those activities were affected by the proposed Project.  Many commenters expressed concern on 
the level of analysis within the draft EIS concerning indirect GHG impacts from production in the WCSB 
oil sands, from refining the WCSB crude oil that would be transported by the proposed Project, and from 
end uses of refined products originating from that crude oil.  The principal GHG are carbon dioxide 
(CO2), methane (CH4), nitrous oxide (N2O), ozone, and water vapor.  The reference gas for climate 
change is CO2 and, therefore, measures of non-CO2 GHGs are converted into CO2-equivalent (CO2-e) 
values based on their potential to absorb heat in the atmosphere. The principal GHG of concern related to 
the proposed Project is CO2, which enters the atmosphere through the burning of fossil fuels (e.g., oil, 
natural gas, and coal), solid waste, and trees and wood products, and as a result of other chemical 
reactions (e.g., manufacture of cement).  CO2 is removed from the atmosphere (or “sequestered”) when it 
is absorbed by plants as part of the biological carbon cycle or through other natural and anthropogenic 
methods.  

Climate change is defined by the United Nations Framework Convention on Climate Change as “a change 
of climate which is attributed directly or indirectly to human activity that alters the composition of the 
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global atmosphere and which is in addition to natural climate variability observed over comparable time 
periods” (EPA 2008).  Natural processes (e.g., changes in the sun’s intensity, slow changes in the Earth’s 
orbit around the sun, animal respiration, and changes in ocean circulation) and human activities (e.g., 
fossil fuel combustion, deforestation, reforestation, and urbanization) affect emissions of GHG.  The 
accumulation of GHG in the atmosphere affects the Earth’s temperature; however, emissions from human 
activities have caused the concentrations of heat-trapping GHG to increase significantly in the 
atmosphere.  These gases prevent heat from escaping to space, somewhat like the glass panels of a 
greenhouse.  This accumulation has contributed to an increase in the temperature of the Earth’s 
atmosphere and to climate change.  If GHG continue to increase, climate models predict that the average 
temperature at the Earth’s surface could increase from 3.2 to 7.2 ºF above 1990 levels by the end of this 
century (IPCC 2007).  Most scientists agree that human activities are changing the composition of the 
atmosphere, and that increasing the concentration of GHG affects climate change.  The rate, intensity, and 
effects of climate change continue to be assessed.  For example, the increased concentration of CO2 in the 
atmosphere has increased ocean acidity since pre-industrial times (EPA 2009).  The extent of ocean 
acidification is correlated with atmospheric CO2 concentration. Ocean acidification affects future climate 
change by diminishing the ocean’s capacity to absorb increasing atmospheric CO2.  

Regulations and Standards Relating to Greenhouse Gases  

Federal Programs 

On April 2, 2007, in Massachusetts v. EPA, 549 U.S. 497, the Supreme Court found that GHG are air 
pollutants covered by the CAA.  The Court held that the EPA Administrator must determine whether or 
not emissions of GHG from new motor vehicles cause or contribute to air pollution which may 
reasonably be anticipated to endanger public health or welfare, or whether the science is too uncertain to 
make a reasoned decision.  In making these decisions, the Administrator is required to follow the 
language of Section 202(a) of the CAA.  The Supreme Court decision resulted from a petition for 
rulemaking under Section 202(a) filed by more than a dozen environmental, renewable energy, and other 
organizations.  As a result of this decision, on April 24, 2009, the EPA proposed the Endangerment and 
Cause or Contribute Findings for Greenhouse Gases under the CAA to find that the current and projected 
concentrations of the mix of six key GHG (CO2, CH4, N2O, HFC, PFC, and SF6) in the atmosphere 
threaten the public health and welfare of current and future generations.  This is referred to as the 
endangerment finding.  The Administrator is further proposing to find that the combined emissions of 
CO2, CH4, N2O, and HFC from new motor vehicles and motor vehicle engines contribute to the 
atmospheric concentrations of these key GHG and hence to the threat of climate change.  This is referred 
to as the cause or contribute finding.  This proposed action, as well as any final action in the future, would 
not itself impose any requirements on industry or other entities.  An endangerment finding under one 
provision of the CAA would not by itself automatically trigger regulation under the entire Act.  

On October 30, 2009, the EPA promulgated the first comprehensive national system for reporting 
emissions of CO2 and other GHG produced by major sources in the United States.  Through this new 
reporting, EPA will have comprehensive and accurate data about the production of GHG in order to 
confront climate change.  Approximately 13,000 facilities, accounting for about 85 to 90 percent of 
industrial GHG emitted in the United States are covered under the rule.  The new reporting requirements 
apply to suppliers of fossil fuel and industrial chemicals, manufacturers of certain motor vehicles and 
engines (not including light and medium duty on-road vehicles), as well as large direct emitters of GHG 
with emissions equal to or greater than a threshold of 25,000 metric tpy.  This threshold is equivalent to 
the annual GHG emissions from just over 4,500 passenger vehicles.  The direct emission sources covered 
under the reporting requirement include energy intensive sectors such as cement production, iron and 
steel production, electricity generation, and oil refineries, among others.  The gases covered by the rule 
are CO2, CH4, N2O, HFC, PFC, SF6, and other fluorinated gases, including nitrogen trifluoride (NF3) and 
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hydrofluorinated ethers (HFE).  The first annual report would be submitted to EPA in 2011 for the 
calendar year 2010, except for vehicle and engine manufacturers, which would begin reporting for model 
year 2011.   

According to the preamble of the rule, the U.S. petroleum and natural gas industry encompasses hundreds 
of thousands of wells, hundreds of processing facilities, and over a million miles of transmission and 
distribution pipelines.  Crude oil is commonly transported by barge, tanker, rail, truck, and pipeline from 
production operations and import terminals to petroleum refineries or export terminals.  Typical 
equipment associated with these operations includes storage tanks and pumping stations.  The major 
sources of CH4 and CO2 fugitive emissions include releases from tanks and marine vessel loading 
operations.  EPA does not propose to include the crude oil transportation segment of the petroleum and 
natural gas industry in this rulemaking due to its small contribution to total petroleum and natural gas 
fugitive emissions (accounting for much less than 1 percent) and the difficulty in defining a facility.  The 
responsibility for reporting would instead be placed on the processing plants and refineries.   

On June 2, 2010, the EPA issued a final rule that establishes an approach to addressing GHG emissions 
from stationary sources under the CAA permitting programs.  These stationary sources would be required 
to obtain permits that would demonstrate they are using the best practices and technologies to minimize 
GHG emissions.  The rule sets thresholds for GHG emissions that define when the CAA permits under 
the NSR/PSD and the Title V Operating Permits programs are required for new or existing industrial 
facilities.  The rule “tailors” the requirements to limit which facilities will be required to obtain NSR/PSD 
and Title V permits and cover nearly 70 percent of the national GHG emissions that come from stationary 
sources, including those from the nation’s largest emitters (e.g., power plants, refineries, and cement 
production facilities).   

For sources permitted between January 2, 2011 and June 30, 2011, the rule requires GHG permitting for 
only sources currently subject to the PSD permitting program (i.e., those that are newly-constructed or 
modified in a way that significantly increases emissions of a pollutant other than GHG) and that emit 
GHG emissions of at least 75,000 tpy.  In addition, only sources required to have Title V permits for non-
GHG pollutants will be required to address GHG as part of their Title V permitting (note: the 75,000 tpy 
CO2-e limit does not apply to Title V).  For sources constructed between July 1, 2011 and June 30, 2013, 
the rule requires PSD permitting for first-time new construction projects that emit GHG emissions of at 
least 100,000 tpy even if they do not exceed the permitting thresholds for any other pollutant.  In addition, 
sources that emit or have the potential to emit at least 100,000 tpy CO2-e and that undertake a 
modification that increases net emissions of GHG by at least 75,000 tpy CO2-e will also be subject to 
PSD requirements.  Under this scenario, operating permit requirements will for the first time apply to 
sources based on their GHG emissions, even if they would not apply based on emissions of any other 
pollutant.  Facilities that emit at least 100,000 tpy CO2-e will be subject to Title V permitting 
requirements.  EPA plans further rulemaking that would possibly reduce the permitting thresholds for 
new and modified sources making changes after June 30, 2013.   

On December 2, 2010, the EPA released its guidance for limiting GHG emissions based on the CAA 
requirement for new and modified emission sources to employ BACT to limit regulated air pollutants.  As 
a result, the guidance focuses on the process that state agencies will use as they are developing permits for 
individual sources to determine whether there are technologies available and feasible for controlling GHG 
emissions from those sources.  The guidance is not a formal rulemaking and does not establish 
regulations, but it provides permitting authorities more detail on EPA expectations for the implementation 
of its new GHG permitting requirements.   

On April 1, 2010, the EPA and USDOT finalized a new joint regulation for GHG emissions and fuel 
economy for model years 2012 through 2016 light duty vehicles.  The EPA regulates GHG emissions 
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from passenger vehicles up to 8,500 pounds gross vehicle weight rating (plus medium-duty SUVs and 
passenger vans up to 10,000 pounds).  The program sets standards for CO2 emissions on the U.S. federal 
test procedure.  Equivalent Corporate Average Fuel Economy (CAFE) regulations, measured in miles per 
gallon of fuel consumed, were simultaneously established by the USDOT National Highway Traffic and 
Safety Administration (NHTSA). 

State Programs 

Programs for GHG emissions are being adopted by some states along the proposed Project corridor. 
Montana is a member of the Western Climate Initiative (WCI).  The WCI is a collaborative effort of 
seven U.S. states and four Canadian provinces to identify, evaluate, and implement measures to reduce 
GHG emissions in participating jurisdictions.  The WCI has a regional GHG target of 15 percent below 
2005 levels by 2020 to be met through a regional market-based multi-sector mechanism, as well as other 
policies.  The recommended cap-and-trade program has a broad scope that includes six GHG (CO2, CH4, 
N2O, HFC, PFC, and SF6) and will cover 90 percent of GHG emissions from the region when fully 
implemented.  The cap-and-trade program will begin January 1, 2012.  

The Governor of Nebraska, along with 10 other midwestern Governors and 1 Canadian province Premier, 
is a member of the Energy Security and Climate Stewardship Platform for the midwest.  The Platform 
lists goals for energy efficiency improvements, low-carbon transportation fuel availability, renewable 
electricity production, and carbon capture and storage development.  In addition to goals related to energy 
efficiency, renewable energy sources, and biofuel production, the Platform lays out objectives with 
respect to carbon capture and storage (CCS).  Members agreed to have in place a regional regulatory 
framework for CCS by 2010, and by 2012 to have sited and permitted a multi-jurisdiction CO2 transport 
pipeline and have in operation at least one commercial-scale coal-powered integrated gasification 
combined cycle (IGCC) power plant with CCS, with additional plants to follow in succeeding years.  By 
2020, all new coal plants in the region will capture and store CO2 emissions.  Numerous policy options 
are described for states to consider as they work towards these goals.  The Platform also lays out 6 
cooperative regional agreements.  These resolutions establish a Carbon Management Infrastructure 
Partnership, a Midwestern Biobased Product Procurement System, coordination across the region for 
biofuels development, and a working group to pursue a collaborative, multi-jurisdictional transmission 
initiative.  States adopting all or part of the Platform include Wisconsin, Minnesota, South Dakota, 
Illinois, Indiana, Iowa, Kansas, Michigan, Missouri, Nebraska, North Dakota, and Ohio, as well as the 
Canadian Province of Manitoba.  

Kansas, on November 15, 2007, joined 5 other states and one Canadian province to establish the 
Midwestern Regional Greenhouse Gas Reduction Accord.  Under the Accord, members agree to establish 
regional GHG reduction targets, including a long-term target of 60 to 80 percent below current emissions 
levels, and to develop a multi-sector cap-and-trade system to help meet the targets.  Participants also 
establish a GHG emissions reductions tracking system and implement other policies, such as low-carbon 
fuel standards, to aid in reducing emissions.  

In South Dakota, on February 21, 2008, Governor Mike Rounds signed into law HB 1272, which 
established a voluntary Renewable Portfolio objective of 10 percent by 2015.  Oklahoma and Texas 
currently do not have state initiatives addressing the reduction in GHG, although Senate Bill 184 required 
the Texas Commission on Environmental Quality (TCEQ) to develop and present a report to the 
legislature by December 31, 2010, recommending strategies to reduce the GHG emissions by businesses 
and consumers of the state.  
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Low Carbon Fuel Standard 

The first low carbon fuel standards (LCFS) were enacted in California in 2007.  Since then, other 
jurisdictions (e.g. British Columbia and the European Union) have enacted similar standards.  These 
standards generally require that overall carbon values for transportation fuels decrease by 10 percent over 
the next decade, although the definition of fuels and the percent reduction over time differ across 
jurisdictions.  More carbon-intensive fuels include those derived from crude oil sources in the WCSB, 
Venezuela, Nigeria, the Middle East, and California (IHS CERA 2010).  The impact of LCFS on U.S. 
market demand for oil sands crude oil is speculative at this time since few jurisdictions have implemented 
these standards.  Barr (2010) analyzed the potential for the implementation of an LCFS policy to actually 
result in an increase in GHG emissions because of a “shuffling,” where the fuels sector would support the 
most inexpensive avenues to comply with the LCFS, thereby shuffling production and sales that may 
double GHG emissions resulting from crude oil transport to and from areas affected by the LCFS policy. 
The report suggests that an approved LCFS would result in increased GHG emissions based on a 
reduction of crude oil imported from Canada and subsequent rerouting of crude imports and exports to 
account for this displacement.  If LCFS were increasingly required in the U.S., this would be expected to 
discourage overall U.S. imports of oil sands crude from Canada, and in turn would encourage importing 
of crude oil to the U.S. from areas that produce light sweet crude, likely the Middle East.  Canadian crude 
sources would be diverted to other countries not affected by LCFS, and supplies in the U.S. negatively 
affected by LCFS requirements would be replaced with supplies from more distant parts of the world. 

Cumulative Effects of GHG  

Neither the federal government nor states crossed by the proposed Project have established thresholds for 
determining the significance of GHG emissions.  While no final thresholds currently exist, this 
assessment of the direct and indirect contributions of the proposed Project to global GHG emissions was 
conducted in accordance with CEQ draft guidance for GHG (CEQ 2010) that established a draft threshold 
for NEPA purposes of 25,000 metric tpy for CO2-e.  There is a general scientific consensus that the 
cumulative effects of GHG have influenced climate change on a global scale, which is considered a 
significant cumulative effect.  

Construction and Operation Emissions  

As discussed in Section 3.12, the GHG emissions during construction of the proposed Project would total 
approximately 236,978 tpy of CO2-e over the construction period and direct GHG emissions during 
proposed Project operation would total approximately 85 tpy of CO2-e.  Indirect GHG emissions 
associated with electrical generation for the proposed Project pump stations are estimated at 
approximately 2.6 to 4.4 million tons of CO2 per year for a proposed initial capacity of 700,000 bpd and a 
potential capacity of 830,000 bpd, respectively, as calculated using EPA AP-42 emission factor for large 
diesel engines and assuming 30 pump stations with 79 to 132 pumps rated at 6,500 hp.  This contribution 
to cumulative GHG impacts from proposed Project construction and operation is very small compared to 
total GHG emissions for the United States (CO2 equivalents from anthropogenic activities) which totaled 
7,054 million tons in 2006, and global CO2 emissions which totaled 28,193 million tons in 2005 (CO2 
equivalents from fuel combustion) (EPA 2008).  Construction activities associated with the proposed 
Project for each year represent less than 0.003 percent and 0.0008 percent of the national and global GHG 
emissions, respectively.  While the EPA has released proposed regulations that would require 
approximately 13,000 facilities nationwide to monitor and report their CO2 and other GHG emissions, the 
proposed Project would not satisfy the definition of these regulated facilities and there are no federal 
regulations or guidance to definitively identify the significance of the GHG emissions associated with 
operation of the Project.  Although the GHG emissions associated with construction of the proposed 
Project would be greater than the CEQ draft threshold of 25,000 tpy of CO2-e that is suggested as a useful 
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presumptive threshold for disclosure during NEPA review, the overall contribution to cumulative GHG 
impacts from proposed Project construction and operation would not constitute a substantive contribution 
to the U.S. or global emissions. 

Indirect Cumulative Impacts and Life Cycle Greenhouse Gas Emissions 

The following discussion on GHG life cycle emissions associated with oil sands is provided in response 
to comments on the draft EIS.  DOS is providing this information as a matter of policy, although the 
proposed Project would not substantively influence the rate or magnitude of oil extraction activities in 
Canada, or the overall volume of crude oil transported to the U.S. or refined in the U.S. (EnSys 2010).  To 
assist in addressing concerns relative to GHG, the DOS third party contractor requested that ICF 
International LLC (ICF) a detailed review of key studies in the existing literature that address life-cycle 
GHG emissions of petroleum products, including petroleum products derived from Canadian oil sands, 
and a comparison of life cycle GHG emissions reported in the literature for Canadian oil-sands derived 
crude oil and refined products with those of reference crude oils.  A summary of the ICF report is 
presented in the following sections and the full report is presented in Appendix B of this SDEIS. 

Introduction  

The EnSys (2010) report commissioned by DOE evaluated potential influences of the proposed Project on 
global, U.S., and regional oil demand; the effect of that demand on continued or expanded development 
of WCSB oil sands crude oil sources; and assessments of global life-cycle GHG impacts under 14 
separate crude oil transportation scenarios.  As a part of that analysis, EnSys estimates the changes in life-
cycle GHG emissions resulting from these scenarios, including a “no expansion” scenario  (i.e., a scenario 
in which no additional pipelines beyond those in operation as of late 2010 are constructed to transport 
crude oil from WCSB).  The GHG emissions estimated for each scenario are related to quantities of 
specific WCSB oil sands-derived crude oils produced and their respective life-cycle GHG intensity.  The 
EnSys (2010) analysis relied on the life-cycle GHG emission factors developed by the DOE National 
Energy Technology Laboratory (NETL 2008 and NETL 2009).17  NETL’s estimates address a range of 
the world crude oils consumed in the U.S., including the WCSB oil sands crude oils as well as the 
“average crude” consumed in the U.S. in 2005.18  Because the NETL-developed emission factors were 
selected to be a key input to the EnSys (2010) analysis and to EPA’s renewable fuel regulations, they 
serve as an important reference case for evaluating life-cycle emissions for different crude sources.  Thus, 
while this section provides an assessment of the differences between the life-cycle GHG emissions 
associated with Canadian oil sands-derived crudes that may be refined in the United States versus 
reference crudes, it also specifically compares results from other literature against the NETL studies’ base 
case.  A more detailed description of the ICF review is provided in Appendix B of this SDEIS.   

Life‐Cycle Carbon Overview 

Evaluating life-cycle emissions provides a method to assess the relative GHG emissions between various 
sources of crude oil.  The life-cycle assessment (LCA) methodology attempts to identify, quantify and 
track carbon emissions arising from the development and use of a hydrocarbon resource.  It is helpful to 
characterize carbon emissions into what can be considered primary and secondary flows.  The primary 
carbon emissions are associated with the various stages in the life cycle from the extraction of the crude 
from the reservoir to refining to combustion of the refined fuel products (typically referred to as a “well-

                                                 
17 EnSys used factors from the “NETL: Petroleum-Based Fuels Life Cycle Greenhouse Gas Analysis – 2005 
Baseline Model,” which were applied for each scenario within the DOE version of the Energy Technology 
Perspective (ETP) model. 
18 This 2005 average serves as the baseline in the U.S. Renewable Fuel Standard Program (EPA 2010). 
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to-wheels” analysis).  The secondary carbon emissions are associated with activities (e.g., land use 
impacts) not directly related to conversion of the hydrocarbon resource into useful product fuels. 

Most of the GHG emissions from hydrocarbon resource development results from three primary steps in 
the LCA:  production of the crude oil, refining of the crude oil, and combustion of the refined products.  
Transportation of the crude oil to the refinery and transportation of the products to market also contribute 
to GHG emissions.  The primary objective of refining crude oil is to produce three premium refined 
products: gasoline, diesel, and kerosene/jet fuel.  These primary GHG emissions associated with fuel 
production drive the economics and engineering of the oil business.   In addition to the primary emissions 
arising from the production, transportation, refining, and combustion steps of the LCA, there is a range of 
secondary carbon emissions to be considered.   For example, extracting crude can influence secondary 
GHG emissions, such as changes in biological or soil carbon stocks resulting from land-use change 
during mining.  In addition to premium fuels, typically 5 to 10 percent of the carbon in the petroleum 
resource ends up in co-products, such as petroleum coke, that are often (but not always) combusted and 
converted to CO2.  As discussed in greater detail below, these secondary flows are treated differently 
across the LCA literature and estimates of specific process inputs and emission factors vary according to 
the underlying methods and data sources used in each LCA. 

The GHG emission factors modeled by NETL are based on a well-to-wheels (WTW) LCA.  WTW 
assessments for petroleum-based fuels focus on the GHG emissions associated with extraction of the 
crude oil from reservoirs, transportation of crude oils to refineries, refining of the crude oil, distribution of 
refined product (e.g., gasoline, diesel, and jet fuel) to retail markets, and combustion of these fuels in 
vehicles or planes.  For some WCSB oil sands crude oils, the assessment also addresses upgrading of the 
extracted crude oil (i.e., partial refining of some oil sands crude oils to produce synthetic crude oil).  
Other analyses (e.g., well-to-tank [WTT] analyses) establish different life-cycle boundaries and evaluate 
only the emissions associated with the processes prior to combustion of the refined products.  Inclusion of 
the combustion phase allows for a more complete picture of crude oil contribution to GHG emissions 
because this phase represents between approximately 70 to 80 percent (depending on crude source) of the 
WTW emissions (CERA 2010).  As a result, a WTW analysis reduces the differential in total GHG 
emissions between different crude oil sources.  Because a WTT analysis focuses on pre-combustion 
processes, it highlights the differences in upstream life-cycle GHG emissions associated with the 
extraction, transportation, and refining of crude oils from different sources, as illustrated in a comparison 
of Figures 3.14.3-1 and 3.14.3-2. 

Scope of Review of Life‐cycle Studies  

A list of the reports reviewed for this assessment is presented in Table 3.14.3-9.  The primary studies and 
additional supplemental reports for the assessment were selected on the following basis:  

• The reports evaluate WCSB oil sands crude oils in comparison to crude oils from other sources; 

• The reports focus on GHG impacts throughout the life-cycle of crude oils and their related 
products; 

• The reports were published within the last 10 years, and most were published within the last five 
years; 

• The reports represent the perspectives  of various stakeholders, including industry, governmental 
organizations, and non-governmental organizations; and  

• The reports originate from research bodies within the United States, Canada, and international 
locations.  
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TABLE 3.14.3-9 
Primary and Additional Studies Evaluated a 

Primary Studies Analyzed Type 
NETL.  2008.  Development of Baseline Data and Analysis of Life Cycle Greenhouse Gas 
Emissions of Petroleum-Based Fuels. 

Individual LCA 

NETL 2009.  An Evaluation of the Extraction, Transport and Refining of Imported Crude 
Oils and the Impact of Life Cycle Greenhouse Gas Emissions. 

Individual LCA 

IEA.  2010.  World Energy Outlook. Meta-analysis 
IHS CERA.  2010.  Oil Sands, Greenhouse Gases, and U.S. Oil Supply: Getting the 
Numbers Right. 

Meta-analysis 

NRDC.  2010.  GHG Emission Factors for High Carbon Intensity Crude Oils ver. 2. Meta-analysis 
Energy-Redefined LLC for ICCT.  2010.  Carbon Intensity of Crude Oil in Europe Crude. Individual LCA 
AERI/Jacobs Consultancy.  2009.  Life Cycle Assessment Comparison of North American 
and Imported Crudes.  

Individual LCA 

AERI/TIAX LLC.  2009.  Comparison of North American and Imported Crude Oil Lifecycle 
GHG Emissions. 

Individual LCA 

Charpentier, et al.  2009.  Understanding the Canadian Oil Sands Industry’s Greenhouse 
Gas Emissions.  

Meta-analysis 

Additional Studies/Models Analyzed Type 
RAND Corporation.  2008.  Unconventional Fossil-Based Fuels: Economic and 
Environmental Trade-Offs.  

Individual LCA 

Pembina.  2005.  Oil Sands Fever: The Environmental Implications of Canada’s Oil Sands 
Rush. 

Partial LCA 

Pembina.  2006.  Carbon Neutral 2020: A Leadership Opportunity in Canada’s Oil Sands.  
Oil sands issue paper 2.  

Partial LCA 

McCann and Associates.  2001.  Typical Heavy Crude and Bitumen Derivative 
Greenhouse Gas Life Cycles.    

Individual LCA 

Pembina.  2011.  Life cycle assessments of oil sands greenhouse gas emissions: A 
checklist for robust analysis.  

White Paper 

GHGenius.  2010.  GHGenius Model, Version 3.19.  Natural Resources Canada. Model 
GREET.  2010.  Greenhouse Gases, Regulated Emissions, and Energy Use in 
Transportation Model, Version 1.8d.1.  Argonne National Laboratory.  

Model 

a See Appendix B of this SDEIS for more information on each study. 

For WCSB oil sands crude oils, the assessment focused on those that could be transported through the 
proposed Project.  Based on this criterion, the solid, raw bitumen from oil sands was eliminated except to 
the extent that it is included within averaged results (e.g., NETL provides a single WCSB oil sands 
estimate that represents a weighted average of 43 percent crude bitumen from in situ production and 57 
percent SCO from mining).   

This assessment addresses three types of WCSB oil sands crude oils that are extracted either by mining or 
the in-situ thermal processes.  Conventional strip-mining methods are used to extract oil sands deposits 
that are less than about 75 meters below the surface.19 To recover deeper deposits of oil sands, in situ 
methods are used.  In situ recovery methods typically involve injecting steam into an oil sands reservoir to 
heat – and thus decrease the viscosity of – the bitumen, enabling it to flow out of the reservoir sand matrix 
to collection wells.  Steam is injected using cyclic steam stimulation (CSS), where the same well cycles 
between periods of steam injection and bitumen production, or by steam-assisted gravity drainage 
                                                 
19 Mining accounts for roughly 48 percent of total bitumen capacity in the WCSB oil sands as of mid-2010 (IEA 
2010, p. 152). 
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(SAGD), where a pair of horizontal wells is drilled; the top well is used for steam injection, and the 
bottom well for bitumen production.  Due to the high energy demands for steam production, steam 
injection in situ methods are generally more GHG-intensive than mining operations.  The WCSB crude 
oil types assessed in this study are described briefly below:   

• Synthetic crude oil (SCO) − SCO is produced from bitumen via a refinery conversion of heavy 
hydrocarbons to lighter hydrocarbons.  While SCO can be sour, it is usually a light, sweet crude 
oil without heavy fractions.   

• Dilbit (diluted bitumen) − Dilbit is bitumen blended with a diluent, usually a natural gas liquid 
such as condensate, to create a “lighter” product and to reduce viscosity so the dilbit can be 
transported via pipeline.  Dilbit feedstock processing requires more heavy oil conversion capacity 
than most crude oils.  

• Synthetic bitumen (synbit) – Synbit is usually a combination of bitumen and SCO.  The 
properties of synbit blends vary greatly, but blending lighter SCO with heavier bitumen results in 
a product more similar to conventional crude oil than SCO or dilbit alone. 

The reference crudes evaluated in the literature reflect a range of sources and GHG emissions and 
include: 

• The average U.S. barrel consumed in 2005 (from NETL 2008).  This reference was selected 
because it provides a baseline for fuels produced from the average crude consumed in the United 
States. 

• Venezuela Bachaquero and Mexico Maya, which are representative of heavy crudes currently 
refined in PADD III refineries.  It is assumed that these crude oils would be displaced or replaced 
by the WCSB oil sands crude oil that would be transported by the proposed Project, although it is 
likely that they would find markets elsewhere and would still be produced. 

• Saudi Light (i.e., Middle East Sour), which was taken to be the balancing grade for world crude 
oil supplies in EnSys (2010).  This is the crude that may ultimately be backed out of the world 
market if additional supply of WCSB oil sands crudes is produced.    

Evaluation of Key Factors Influencing the GHG Results  

There are many differences in the study design factors and input assumptions for life-cycle GHG 
analyses of WCSB oil sands crude oils relative to the four reference crude oils.   

Study design factors relate to how the GHG comparison is structured within each study.  These factors 
include the overall purpose and goal of the study, the types of crudes and refined products that are 
compared to each other, the timeframe over which the results of the study are applicable, the life-cycle 
boundaries established to make the comparison, the functional units or the basis used for comparing the 
life-cycle GHGs for crudes or fuels to each other (e.g., expressing GHG emissions per unit of crude, SCO, 
all refined products, or specific refined products such as gasoline or diesel, in terms of volume, energy, or 
distance units), and  the treatment of co-products other than gasoline, diesel, and jet fuels (e.g., asphalt, 
petroleum coke, liquefied refinery gases, and lubricants).  Some studies allocate a fraction of the GHG 
emissions from refining to these co-products and exclude these emissions from the life-cycle boundary 
(i.e., they are not included within the studies’ life-cycle results).  Other studies include these emissions 
but assign credits for GHG emissions from other sources that are offset by combustion of the co-products 
(e.g., electricity exported from a refinery replaces natural gas-fired power generation, and petroleum coke 
from a refinery replaces coal).   
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Key design factors across the studies identified through this assessment are summarized in Table 3.14.3-
10.  In general, the studies reviewed are consistent in their treatment of some factors (e.g., generally 
excluding emissions associated with land-use changes) but vary in their treatment of other factors (e.g., 
emissions from petroleum coke and electricity cogeneration).  Most studies exclude land-use change and 
the emissions arising from the construction of capital infrastructure.  Importantly, only a few studies 
modeled the effect that upgrading SCO has on downstream GHG emissions at the refinery.  Several (but 
not all) studies include the following:  

• Upstream production of purchased fuels and electricity used to power machinery in the oil fields 
and at refineries; 

• Flaring and venting; 

• Fugitive emissions; and  

• Methane emissions from oil sands mining and tailings ponds. 

Input assumptions impact life-cycle analysis results and assumptions are input at each life-cycle stage. 
Due to limited data availability and the complexity of and variation in the practices used to extract, 
process, refine, and transport crude oil, studies often use simplified assumptions to model GHG 
emissions.  For example, for both WCSB oil sands crude oils and reference crude oils, assumptions about 
how much petroleum coke is produced, stored, and combusted at the upgrader or refinery, and how much 
is sold to other users, are key drivers of GHG emission estimates.  Transportation assumptions have a 
more limited effect, but vary across the studies.  Key input assumptions for WCSB oil-sands-derived 
crude oils include:  

• Type of extraction process (i.e., mining or in situ production);  

• Steam-oil ratio assumed for in situ operations;  

• Efficiency of steam generation, and thus its energy consumption; and 

• Upgrading processes modeled for SCO and whether or not estimated refinery GHG emissions 
account for upgrading.  

For the reference crudes, key input assumptions include the oil-water and gas-oil ratios that are used to 
estimate reinjection and venting or flaring requirements, and whether and what type of artificial lift is 
considered for extracting crude oil. 

Life-cycle GHG emissions for gasoline produced from WCSB oil sands crude oils relative to other 
reference crude oils consumed in the United States, as reported by NETL (2009) are summarized in Table 
3.14.3-11.  The results are subject to several input assumptions that influence the results of the analysis. 
These assumptions and their estimated scale of impact on the WTW results are summarized in the last 
two columns of Table 3.14.3-11. 



 

TABLE 3.14.3-10 
Summary of Key Study Design Features that Influence GHG Results 
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NETL 2008 2005 No NS Yes Yes No NS Yes No No NS 
NETL 2009 2005 No NS Yes Yes No NS NS No No NS 
IEA 2010 2005-2009 NS NS Yes NS NS Yes NS No NA NS 

IHS CERA 2010 ~2005-2030 V V No NS NS V NS No NA V 
NRDC 2010 2006-2010 NSg NSg P NS NS NS NS No NA NS 
ICCT 2010 2009 NS No P Yes No NS Yes No No NS 

AERI/Jacobs 2009 2000s Yes Yes Yes Yes No No No No Yes No 
AERI/TIAX 2009 2007-2009 P P Yes Yes No Yes Yes No Yes Yes 

Charpentier et al. 2009 1999-2008 NSg NSg V NS V NS NS No NA NS 
RAND 2008 2000s NS NS NS Yes No Yes Yes No No Yes 

Pembina Institute 2005 2000, 2004 NS NS NS P No NS P No No NS 
Pembina Institute 2006 2002-2005 NS NS No P No Yes Yes No No Yes 

McCann 2001 2007 P NS Yes NS No NS NS No NS NS 
GHGenius 2010 Current Yes No Yes Yes No Yes Yes Local NS Yes 

GREET 2010 Current NS NS Yes Yes No NS Yes No NS NS 
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Notes: Yes = included in life-cycle boundary; No = not included; P = partially included; NS = not stated; NA = not applicable; V = varies by study addressed in meta-study. 
a High impact = greater than 3% change in WTW emissions.  Medium impact = 1 – 3% change in WTW emissions.  Low impact = less than 1% change in WTW emissions. 
b”Yes” indicates that GHG results for products such as gasoline, diesel, and jet fuel do include petroleum coke production and combustion.  “No” indicates that GHG emissions from 
petroleum coke production and combustion were not included in the system boundary for gasoline, diesel, or jet fuel.  The effect of including petroleum coke depends on how much is 
assumed to be stored at oil sands facilities versus sold or combusted, and whether a credit is included for coke that offsets coal combustion. 
c “Yes” indicates that the study applied a credit for electricity exported from cogeneration facilities at oil sands operations that offsets electricity produced by other power generation 
facilities.  “No” indicates a credit was not applied.  Including a credit for oil sands will reduce the GHG emissions from oil sands crudes relative to reference crudes. 
d Indicates whether studies included GHG emissions from the production of fuels that are purchased and combusted on-site for process heat and electricity (e.g., natural gas). 
e Indicates whether the study included GHG emissions from the construction and decommissioning of capital equipment such as buildings, equipment, pipelines, rolling stock. 
f Indicates whether refinery emissions account for the fuel properties of SCO relative to reference crudes.  Since SCO is upgraded before refining, it requires less energy and GHG 
emissions to refine into gasoline, diesel, and jet fuel products. 
g Not discussed in the meta-study; may vary by individual studies analyzed. 

 



 

TABLE 3.14.3-11 
GHG Emissions for Producing Gasoline from Different Crude Sources from NETL 2009 and 

Estimates of the Impact of Key Assumptions on the Oil Sands-U.S. Average Differential 

GHG Emissions (g CO2e/MJ LHV gasoline)a Findings on Key Assumptions 
Influencing Results 

Life-Cycle 
Stage 2005 U.S. 

Average 
Canadian 
Oil Sands 

Venezuela 
Conventional Mexico Saudi 

Arabia Description 
Estimated 
Ref Crude 

WTW 
Impactb 

Crude Oil 
Extraction 6.9 20.4c 4.5 7.0 2.5 

Upgrading NA IE NA NA NA 

DOE/NETL uses a 
weighted average of 43% 
crude bitumen from in situ 
production and 57% SCO 
from mining 

NA 

Crude Oil 
Transport 1.4 0.9 1.2 1.1 2.8 Relative distances vary by 

study 

Low 
increase or 
decrease 

Refining 9.3 11.5d 11.0 12.9 10.4 

Did not evaluate impact of 
upgrading SCO prior to 
refinery; only affects oil 
sands. 

Medium 
decrease 

Finished Fuel 
Transport 1.0 0.9 0.9 0.9 0.9 Transportation excluded co-

product distribution 
Low 

increase 

Total WTT 18.6 33.7 17.6 22.0 16.7   

Fuel 
Combustion 72.6 72.6 72.6 72.6 72.6 

Fuel combustion excluded 
combustion of petroleum 
coke and other co-products 

Low to high 
increasee  

Total WTW 91.2 106.3 90.2 94.6 89.3   
Difference 
from 2005 
U.S. Average 

0% 17% -1% 4% -2%   

Notes: IE = Included Elsewhere; NA = Not Applicable.  LHV = Lower Heating Value.  WTT = Well-to-Tank; WTW = Well-to-Wheels. 
a NETL 2009 values converted from kilograms of CO2-equivelant per million BTU using conversion factors of 1,055 mega joules per 
million BTU and 1000 g/kg. 
b Estimated impact on the WTW GHG emissions for reference crudes, except where noted (i.e., refining assumption affects oil 
sands), as result of addressing the key assumptions/ missing emission sources.  High = greater than approximated 3% change, 
Medium = approximated 1 – 3% change, and Low = less than approximated 1% change in WTW emissions. 
c Included within extraction and processing emissions. 
d Calculated by subtracting other process numbers from WTT total; report missing this data point. 
e The effect that including petroleum coke combustion has  on WTW results depends upon assumptions about the end-use of 
petroleum coke and whether it is used to offset coal in electricity generation. 

For example, NETL (2009) only considered combustion emissions from gasoline, diesel, and kerosene-
type jet fuel and allocated the refinery emissions from co-products other than gasoline, diesel, and jet fuel 
to the co-products themselves.  This approach removes the GHG emissions associated with producing and 
combusting co-products from the study’s life-cycle boundary.  This approach is consistent with 
DOE/NETL’s objective of estimating the contribution of crude oil sources to the 2005 baseline GHG 
emissions profile for three transportation fuels (gasoline, diesel, and kerosene-type jet fuel).  A portion of 
the petroleum coke produced from partial refining (upgrading) of WCSB oil sands crudes is stockpiled 
(sequestered) in Alberta and does not contribute to GHG emissions, whereas virtually all of the petroleum 
coke produced at U.S. refineries is ultimately combusted.  As explained in more detail in the appendix on 
GHG emissions, if petroleum coke produced from refineries is assumed to offset coal combustion, 
however, the net emissions from coke combustion will be much smaller.  As a result, the effect of 
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including petroleum coke combustion depends upon study assumptions about the end use of petroleum 
coke at both the refinery and upgrader, and whether petroleum coke use offsets other fuels, such as coal. 

Additionally, the NETL study used linear relationships to relate GHG emissions from refining operations 
to specific crudes based on API gravity and sulfur content.  The study notes that these relationships do not 
account for the fact that bitumen blends (dilbits and synbits) and SCO in particular will produce different 
fractions of residuum and light ends than “full-range” crudes.  Accounting for the variable properties of 
these crude oil types and resulting refinery GHG emissions would change the differences between WTW 
GHG emissions for premium fuels refined from WCSB oil sands-derived crude oils relative to reference 
crude oils. 

GHG Intensity of WCSB Crudes  

The wide variation in design and input assumptions within the various studies leads to a wide divergence 
in calculated GHG emissions.  Based on an extensive review of information provided in the studies 
reviewed, the WTW and WTT GHG emissions of gasoline produced from WCSB oil sands-derived crude 
oils were compared to similar emission estimates from four reference crude oils (see Figures 3.14.3-1 and 
3.14.3-2).  Additional information on the data sources and assessment is available in Appendix B of this 
SDEIS. 

As shown in Figure 3.14.3-1, the NETL WTW GHG emission estimates from gasoline produced from 
WCSB oil sands-derived crude oils are 17 percent higher than that the GHG emission estimates for 
gasoline produced from the average mix of crude oils consumed in the United States in 2005, and are 
approximately 19, 13, and 16 percent higher than GHG emission estimates for Middle East Sour, 
Mexican Heavy (i.e., Mexican Maya), and Venezuelan20 crude oils, respectively (NETL 2009).  

The WTW emission estimates for gasoline produced from SCO via in situ methods of oil sands extraction 
(i.e., SAGD and CSS) in general are higher than the GHG emission estimates for mining extraction 
methods (Figure 3-14.3-1).  This difference is primarily attributable to the energy requirements of 
producing steam as part of the in situ extraction process.  According to all of the reviewed studies, 
gasoline produced from crude oils extracted by both methods produces more life-cycle GHG emissions 
than gasoline produced from the average mix of crudes consumed in the United States in 2005.  

Gasoline produced from dilbit generally has lower estimated GHG life-cycle emissions than gasoline 
produced from bitumen extracted by mining and in situ methods.  This is a result of blending raw bitumen 
with a diluent (e.g., gas condensate) for transport via pipeline.  Diluent produces fewer GHG emissions 
than bitumen, so blending the two together results in lower WTW GHG emissions.  This assessment 
evaluates the refining of both bitumen and diluent at the refinery, since diluent will not be separated from 
the dilbit blend and recirculated by the proposed Project.  WTW GHG emission estimates from gasoline 
produced from synbit, a blend of SCO and bitumen, are similar to WTW GHG emission estimates for 
gasoline produced from SCOs produced from bitumen extracted by either mining or in situ methods. 

Similar trends were evident in the WTT GHG analyses (see Figure 3.14.3-2).  The percentage increase in 
WTT GHG emission estimates for gasoline produced from WCSB oil sands-derived crude oils as 
compared to gasoline produced from reference crudes (Figure 3.14.3-2) is much larger than the percent 
increases for WTW GHG emission estimates (Figure 3.14.3-1).  Most of the gasoline life-cycle WTW 
GHG emissions occur during the combustion stage irrespective of the feedstock (i.e., reference crude or 
oil sands).  Because WTT GHG emission estimates do not include the combustion phase, the differences 
in GHG life-cycle emissions associated with crude oil extraction and refining are emphasized; when 

                                                 
20 NETL uses Venezuelan Conventional as a reference crude rather than Venezuelan Bachaquero. 
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expressing the comparison in terms of percentage increases, the same incremental differences in the 
numerator are divided by a smaller denominator. 

The GHG emissions associated with different oil sands extraction, processing, and transportation methods 
vary by roughly 25 percent on a WTW basis.  Life-cycle GHG emission estimates for fuels produced 
from WCSB oil sands crude oils are higher than emission estimates for fuels produced from lighter crude 
oils, such as Middle East Sour crudes and the 2005 U.S. average mix.  Compared to heavier crude oils 
from Mexico and Venezuela, WTW emission estimates associated with fuels derived from WCSB oil 
sand-derived crude oils are 37 percent higher than for SAGD SCO (petroleum coke burned at the 
upgrader) and 2 percent lower for mining-derived SCO (including storing or selling the petroleum coke). 

Incremental GHG Emissions from Oil Sands Crudes Potentially Transported by the Proposed Project 
Compared to Reference Crudes 

As noted earlier in this chapter, based on the EnSys (2010) analysis, under most scenarios the proposed 
Project would not substantially influence the rate or magnitude of oil extraction activities in Canada, or 
the overall volume of crude oil transported to the U.S. or refined in the U.S.  Thus, from a global 
perspective, the project is not likely to result in incremental GHG emissions.  According to the EnSys 
(2010) report there is sufficient transboundary pipeline capacity to transport oil sands crudes into the 
United States through approximately 2020 (although there is not sufficient capacity to meet PADD III 
market demand).21  Also, according to the EnSys (2010) report, there is an apparent market demand to put 
in place pipeline capacity similar to that of the proposed Project if the proposed Project is not 
implemented.  Thus, the proposed Project, if constructed, is unlikely to significantly accelerate 
displacement of reference crudes.  When evaluating the lifecycle GHG emissions of transportation fuels 
consumed in the United States in a strictly static format, however, it is likely that the lifecyle GHG 
emissions of transportation fuel produced from WCSB crudes is higher than that of reference crudes.  
Such an analysis is not strictly necessary for purposes of evaluating the potential environmental impacts 
attributable to the proposed Project under NEPA, but is relevant and informative for policy-makers to 
consider in a variety of contexts.  For illustrative purposes, this section provides information on the 
incremental life-cycle GHG emissions (in terms of the U.S. carbon footprint) from WCSB oil sands 
crudes likely to be transported by the proposed Project (or any transboundary pipeline).  The incremental 
emissions are a function of (1) the throughput of the pipeline, (2) the mix of oil sands crudes imported, 
and (3) the GHG-intensity of the crudes in the pipeline compared to the crudes they displace. 
Acknowledging the methodological differences in GHG-intensity estimates between the studies, the 
weighted-average GHG emissions for selected studies were calculated to estimate the incremental GHG 
emissions from WCSB oil sands relative to displacing an equivalent volume of reference crudes in U.S. 
refineries. 

NETL (2009), Jacobs (2009), and TIAX (2009) formed the sub-set of studies used to develop weighted 
averages for purposes of the carbon footprint analysis.  These studies are independent analyses of WTW 
GHG emissions from oil sands and reference crudes that utilize consistent functional units for comparison 
with each other.  The other studies included in this assessment either did not look at the full WTW fuel 
life-cycle, did not evaluate emissions on a consistent functional unit basis for comparison, or are meta-
analyses that include the results of the Jacobs (2009) and TIAX (2009)studies. 

                                                 
21 Note that a substantial share of these emissions would occur outside of the United States.  Also note that the U.S. 
National Inventory Report, like other national inventories, only characterizes emissions within the national border, 
rather than using a life-cycle approach.  If the United States used a life-cycle approach, upstream emissions from 
other imported crudes would be attributed to the United States. 
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For illustrative purposes, Figure 3.14.3-3 shows the percent change in weighted-average GHG emissions 
from the mix of WCSB oil sands crude oil likely to be transported in the proposed Project relative to each 
of the four reference crudes.  The change in GHG emissions is calculated for the Jacobs (2009) and TIAX 
(2009) values by weighting the WTW GHG intensity of oil sands crudes by the composition of crudes 
that could be transported in the proposed Project.  For purposes of this assessment, it is expected that 50 
percent of pipeline throughput would be SCO, and 50 percent would be dilbit.  All WCSB dilbit is 
currently produced using in situ production and 12 percent of SCO is produced via in situ methods 
(ERCB 2010), yielding a final mix of 50 percent in situ-produced dilbit, 44 percent mining-produced 
SCO, and 6 percent in situ-produced SCO.22 The results are representative of near term expected WCSB 
oil sands composition and GHG-intensities. 

The Canadian oil sands average from NETL (2009) is also plotted on Figure 3.14.3-3 for comparison with 
Jacobs (2009) and TIAX (2009), although the NETL result assumes a mix of 43 percent crude bitumen 
and 57 percent SCO.  The results show a 2 to 19 percent increase in WTW GHG emissions from the 
weighted-average mix of oil sands crudes potentially transported in the proposed Project relative to the 
reference crudes in the near term.  Heavier crudes generally take more energy to produce and emit more 
GHGs than lighter crudes, and in particular, the weighted-average WCSB oil sands crude is currently 
more energy- and carbon-intensive than lighter crudes like Middle Eastern Sour.   

For illustrative purposes, Table 3.14.3-12 shows the incremental annual WTW GHG emissions associated 
with displacement of 100,000 barrels of each reference crude oil per day (equivalent to 80,000 barrels per 
day of refined gasoline and distillate products) with WCSB oil sands crude oil using the weighted-average 
estimate for the mix of WCSB oil sands crudes likely to be transported in the proposed Project.  The 
incremental GHG emissions were calculated by subtracting from the WTW GHG emissions an equivalent 
displaced volume of each reference crude.  As previously noted, these estimates provide an example of 
the potential effect on the U.S. carbon footprint, on a life-cycle basis, resulting from displacement of 
reference crude oils in PADD III refineries; on a global scale, emissions are not likely to change. 

TABLE 3.14.3-12 
Incremental Annual GHG Emissions of Displacing 100,000 Barrels Per Day of Each Reference 

Crude with WCSB Oil Sands (MMTCO2-e) 

Study 

U.S. 
Average 
(2005) 

Middle 
Eastern 

Sour 
Mexican 

Maya Venezuelan 
NETL, 2009 2.4 2.7 1.9 2.6 
Jacobs, 2009 2.6 1.5 0.9 0.9 
TIAX, 2009 2.1 2.2 1.8 0.4 

 Note: Venezuelan conventional crude values for NETL refer to a medium crude, not the heavy crude Venezuelan Bachaquero.   

As noted elsewhere in the EIS, the near-term initial throughput of the proposed Project is projected to be 
700,000 barrels of crude per day with a potential capacity of 830,000 barrels per day.23 To the extent that 
                                                 
22 Of in situ WCSB oil sands production from SAGD and CSS facilities, CSS accounts for 47 percent of production, 
and SAGD accounts for 53 percent. This ratio was used to calculate an average for in situ-produced dilbit for TIAX, 
which provided separate estimates for CSS and SAGD dilbit. Primary in situ production of WCSB bitumen (i.e., 
using conventional oil production techniques) was not included since estimates were not provided in the studies 
included in the scope of this assessment. Primary production currently accounts for 32.9 thousand cubic meters per 
day, or 14 percent of total oil sands production (ERCB 2010). 
23 We assumed the pipeline would be operating 365 days a year at an initial capacity of 700 thousand barrels per 
day, yielding 560 thousand barrels per day of gasoline and distillate fuels, or 204.4 million barrels of gasoline and 
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Middle Eastern Sour is the world balancing crude, as indicated in EnSys (2010), it may ultimately be the 
crude that is backed out of the world market by WCSB oil sands crudes.  Taking into account the 
weighted average mix of WCSB oil sands (e.g., SCO versus dilbit) in the near term that would be 
transported through the proposed Project, the incremental increase in the U.S. carbon footprint on a life-
cycle basis relative to Middle Eastern Sour is likely in the range of 10 to 19 million metric tons of CO2 
equivalent (MMTCO2-e) annually at initial pipeline capacity or 12 to 23 MMTCO2-e annually at potential 
capacity.  This incremental increase in GHG emissions from WCSB relative to reference crudes is 
calculated by multiplying the expected proposed Project throughput of equivalent gasoline and distillate 
(560,000 barrels per day at initial capacity or 664,000 barrels per day at potential capacity) by the 
weighted-average WTW GHG intensity of oil sands crudes that could be transported in the pipeline, and 
subtracting WTW GHG emissions from the equivalent quantity of Middle Eastern Sour crude (taking into 
account differences in the yield of gasoline plus diesel product for WCSB versus Middle Eastern crudes). 
The range of incremental GHG emissions is calculated based on the results from NETL 2009, Jacobs 
2009, and TIAX 2009.  The lower bounds of 10 and 12 MMTCO2-e for the initial and potential 
capacities, respectively, are calculated from Jacobs (2009) results; the upper bounds of 19 and 23 
MMTCO2-e for the initial and potential capacities, respectively, are calculated from NETL (2009). 

From another perspective, WCSB oil sands crude oils could be compared to the heavy crude oils currently 
being processed in PADD III refineries (primarily Venezuelan Bachaquero and Mexican Mayan).  The 
incremental increase in GHG emissions from the initial throughput of 700,000 barrels per day of WCSB 
in comparison to these crude oils is likely in the range of 3 to 18 MMTCO2-e annually as compared to 
Venezuelan reference crudes (with the upper end being the NETL value for a medium, rather than heavy, 
crude) and 6 to 13 MMTCO2-e annually as compared to Mexican Maya.  Scaling up the calculation for a 
scenario using the potential throughput of 830,000 barrels per day of WCSB, the incremental increase in 
GHG emissions is in the range of 3 to 21 MMTCO2-e annually as compared to Venezuelan reference 
crudes, and 7 to 16 MMTCO2-e annually as compared to Mexican Maya.   

The full range of incremental GHG emissions estimated across the reference crudes and sub-set of studies 
is 3 to 19 MMTCO2-e annually at the near term initial throughput or 3 to 23 MMTCO2-e annually at the 
potential throughput.  This overall range of 3 to 23 MMTCO2-e is equivalent to annual GHG emissions 
from the combustion of fuels in approximately 588,000 to 4,510,000 passenger vehicles or the CO2 
emissions from combusting fuels used to provide the energy consumed by approximately 255,000 to 
1,950,000 homes for one year.24 

The differentials presented here are based on life-cycle emission estimates for current or near-term 
conditions in the world oil market, as can be seen from the reference years used in each report.  Over 
time, however, the GHG emission estimates for fuels derived from both WCSB oil sands crude oils and 
the reference crude oils are likely to change.   

GHG emissions from the production phase for reference crude oils will become more energy-intensive 
over time due to the need to extract oil from deeper reservoirs by using more energy-intensive secondary 
and tertiary recovery techniques, such as CO2 flood.  The reference crude oil reservoirs are one to two 
miles (or more) underground or under the ocean floor.  In contrast, the WCSB oil sands deposits are much 
shallower and can be extracted using either surface mining or near-surface in situ methods.  Exploration 
efforts for new deep oil reservoirs will continue as known reservoirs continue to deplete.  

                                                                                                                                                             
distillate fuels annually. At its potential capacity of 830 thousand barrels per day, 242.4 million barrels of gasoline 
and distillate fuels would be produced annually. 
24 Equivalencies based on EPA’s GHG Equivalency calculator available at: http://www.epa.gov/cleanenergy/energy-
resources/calculator.html 
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In contrast, the extent of the WCSB oil sands deposits is well understood and defined.  In the future, in 
situ extraction methods are projected to represent a larger share of the overall oil sands production, 
increasing from about 45 percent of 2009 oil sands production to an estimated 53 percent by 2030 (ERCB 
2010).  In particular, the share of SAGD in situ extraction methods are projected to rise from roughly 15 
percent in 2009 to 40 percent of oil sands production in 2030 (CERA 2010).  The GHG profile of this 
more energy-intensive oil sands extraction method may be reduced by new technologies and innovations 
to reuse steam onsite and/or improve thermal recovery and in response to incentives created by Alberta’s 
climate policy requiring reductions in GHG emissions intensity from large emitters in the province.  
However, surface mining is projected to remain the dominant extraction method for WCSB crude oils for 
the next 20 years (CERA 2010).  In consideration of these factors, it is likely that GHG intensity for 
future reference crude oils will be trending upward while the GHG intensity for WCSB oil sands-derived 
crude oils will be relatively constant to slightly upward.  If this is the case, the differential in life-cycle 
GHG emissions for fuels refined from these crude oils is likely to decrease.  

Conclusions 

The studies show conclusively that combustion (i.e., tank-to-wheels) phase of the fuel life-cycle 
dominates the total GHG life-cycle emissions under all scenarios.  Overall, it is clear that comparisons of 
GHG life-cycle emission estimates for fuels derived from different sources are sensitive to the choice of 
boundaries, consistent application of boundary conditions within studies, and to key input parameters.  In 
particular, the results depend on assumptions regarding the use of petroleum coke at oil sands facilities, 
and upon the weighted-average mix of WCSB oil sands crude transported to the United States by the 
proposed Project or some other transboundary pipeline.  SAGD and CSS in situ production methods are 
generally more GHG-intensive than mining, and while SCO requires upgrading prior to pipeline 
transport, bitumen blends such as dilbit and synbit require additional refining emissions and do not 
produce an equivalent amount of premium fuel products per barrel input. 

Despite the differences in study design and input assumptions, it is clear that WCSB crude oils, as would 
likely be transported through the proposed Project, are on average somewhat more GHG-intensive than 
the crudes they would displace in the U.S. refineries.  Although EnSys (2010) reported that there would 
be no substantive change in global GHG emissions as a result of construction of the proposed Project, and 
no substantive change in WCSB crude oil imports into the United States whether the project is 
implemented or not, the life-cycle GHG emissions associated with transportation fuels produced in U.S. 
refineries would increase with increased imports of WCSB crude oils.   

As discussed more fully in the appendix, the GHG intensity of reference crudes is very likely to increase 
in the future as more and more of the world crude supply requires extraction by increasingly energy 
intensive tertiary and enhanced oil recovery techniques.  The energy intensity of surface mined Canadian 
crudes will be relatively constant while higher energy intensive in-situ production may increase 
somewhat; the proportion of in situ extraction is forecast to increase relative to the less energy-intensive 
surface mining.  Although there is some uncertainty in the trends for both reference crudes and oil sands, 
on balance it is likely that the gap in GHG intensity will decrease over time. 

Climate Change 

Over the past 30 years, changes in the U.S. climate have included an increase in average temperature, an 
increase in the proportion of heavy precipitation events, changes in snow cover, and an increase in sea 
level (CCSP 2008).  Climate change can exacerbate stresses on ecosystems through high temperatures, 
reduced water availability, and altered frequency of extreme precipitation events and severe storms 
(CCSP 2008).  However, climate change can also ameliorate stresses on ecosystems through warmer 
springs, longer growing seasons and related increased productivity (CCSP 2008).  



 

Anticipated impacts from climate change in North America applicable to the regions crossed by the 
proposed Project include: 

• Stream temperatures are likely to increase and are likely to have effects on aquatic ecosystems 
and water quality; 

• Proliferation of exotic grasses and increased temperatures are likely to cause in increase in fire 
frequency in arid lands; and 

• Decreased streamflow, increased water removal, and competition from non-native species are 
likely to negatively affect river ecosystems in arid lands (CCSP 2008). 

While there are uncertainties in the future of climate change, the response of ecosystems and the effects of 
management should allow ecosystem adaptations that would reduce anticipated damages or enhance 
beneficial responses associated with climate variability and change (CCSP 2008).  Throughout 
development of the proposed Project, efforts to reduce overall Project-related impacts have been 
incorporated into the proposed Project.  The proposed CMR Plan (Appendix B of the draft EIS) includes 
construction procedures that would apply directly to the reduction of anticipated climate change-related 
induced impacts described above, including:  

• Restoration of riparian habitats at stream crossings (Sections 3.3 and 3.7 of the draft EIS);  

• Prevention of the spread and establishment of noxious and invasive weeds (Section 3.5 of the 
draft EIS); 

• Prevention of the spread of aquatic invasive species (Section 3.7 of the draft EIS); and  

• Limiting water withdrawal rates to less than 10 percent (or lower depending on permit 
requirements) of the base flow and returning water used for hydrostatic testing to the same 
drainage (Sections 3.3 and 3.7 of the draft EIS); and  

• Avoid, minimize, and mitigate impacts to wetlands, including depressional wetlands (Section 3.4 
of the draft EIS) that may decrease in abundance due to increased evaporation with increased 
temperature. 

The potential impacts of climate change would not be expected to affect the proposed Project.  An 
increase in temperatures may increase wildfires in the proposed Project area.  Any increased intensity of 
storm events could result in additional flooding in some areas near the proposed Project within the Gulf 
Coast Segment and Houston Lateral, particularly if hurricane activity increases as a result of oceanic 
temperature conditions.  The proposed Project would be designed and constructed to be consistent with 
applicable federal, state, and local standards, and therefore should be resistant to forces associated with 
reasonably likely climate conditions during the lifetime of the pipeline system.  Other effects of climate 
change, such as air quality degradation, health effects, reduced snow pack, and disruption to agricultural 
production, would not likely impact the proposed Project. 

3.14.4 Extraterritorial Concerns  

While the proposed Project analyzed in this EIS begins at the international boundary where the pipeline 
would exit Saskatchewan, Canada and enter the United States through Montana, the origination point of 
the pipeline system would be in Alberta, Canada.  Neither NEPA nor DOS regulations (22 CFR 161.12) 
nor Executive Orders 13337 and 12114 (Environmental Effects Abroad of Major Federal Actions) legally 
require that this EIS include an analysis of the environment or activities outside of the United States.  As a 
matter of policy, and in response to concerns that the proposed Project would contribute to certain 
continental scale environmental impacts, DOS has included a summary of information regarding 
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environmental analyses and regulations related to the Canadian portion of the proposed Keystone XL 
Project and WCSB oil sands production.  This section addresses (1) the Canadian National Energy Board 
(NEB) environmental analysis of the Keystone XL Project in Canada, (2) the potential influence of the 
proposed Project on oil sands development in Canada, (3) a summary of environmental impacts of oil 
sands development in Alberta, and (4) protections for Canadian and U.S. shared Migratory Bird and 
Threatened and Endangered Species resources.  

3.14.4.1 Canadian National Energy Board Environmental Analysis of the Keystone XL 
Project 

The analysis of the environmental effects of the overall proposed Keystone XL Project has been in 
progress on both sides of the international border under appropriate regulatory authorities, as discussed in 
Section 1.4 and Appendix R of the draft EIS.  In Canada, the Canadian National Energy Board (NEB) 
conducted that analysis, held public hearings in September 2009, and issued its findings in March 2010.   

The NEB identified the nine key issues listed below relative to the proposed Keystone XL Project: 

• The need for the proposed facilities; 

• The economic feasibility of the proposed facilities; 

• The potential commercial impacts of the proposed project; 

• The potential environmental and socio-economic effects of the proposed facilities, including 
those to be considered under the Canadian Environmental Assessment Act (CEA) (presented in 
Appendix R of the draft EIS); 

• The appropriateness of the general route of the pipeline; 

• The method of toll and tariff regulation; 

• The suitability of the design of the proposed facilities; 

• The terms and conditions to be included in any approval the NEB may issue; and 

• Potential impacts of the project on aboriginal interests. 

Relative to impacts to aboriginal or indigenous peoples, the NEB granted intervener status to the 
following aboriginal groups in Canada: 

• Moosomin First Nation; 

• Neekaneet First Nation No. 380; 

• Red Pheasant Band No. 108; and 

• Sweetgrass First Nation. 

In the March 2010 finding, the NEB determined that the proposed Keystone XL Project is required in 
Canada to meet the present and future public convenience and necessity, provided that the NEB terms and 
conditions presented in the project certificate are met, including all commitments made by Keystone 
during the hearing process.  Pertinent NEB documents are provided in Appendix R of the draft EIS. 
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3.14.4.2 Influence of the Proposed Project on Oil Sands Development in Canada 

Based on the findings of EnSys (2010), DOS has concluded that even if the proposed action does not 
proceed, production from the oil sands in Canada would likely continue at a similar rate.  As reported by 
EnSys (2010): 

“Production levels of oil sands crudes would not be affected by whether or not KXL was built. 
WCSB production would only be impacted (relative to the CAPP 2010 projection used in the 
study) if there were no further pipeline expansion out of WCSB and within the USA beyond 
projects currently under construction. Even then, because of existing available line capacity, oil 
sands production would not begin to be curtailed until after 2020. Versus the base projections, 
WCSB production would be curtailed by approximately 0.8 mbd by 2030. Since, to occur, such a 
scenario would have to entail no expansion of (a) pipelines entirely within Canada that could take 
WCSB crudes from Alberta to the British Columbia coast, (b) existing cross-border lines from 
WCSB to the U.S., (c) existing internal domestic U.S. pipelines that could take WCSB crudes to 
market within the U.S. - and to eastern Canada and (d) alternative proven transport modes, 
namely rail possibly supported by barge, the scenario is considered unlikely.” 

In addition to the existing transport capacity into the United States, there would likely be market demand 
to put in place pipeline capacity into the United States similar to that of the proposed Project, including 
pipeline capacity to PADD III.  Also Canadian producers are actively seeking to develop alternative crude 
oil markets worldwide, including efforts to develop necessary transportation facilities to allow shipment 
of WCSB crude oil to British Columbia and onward to Asia, or eastward to Atlantic coast ports for 
marine shipment will continue.  Other countries that would likely represent markets for WCSB crude oil 
are primarily located in Asia; those nations are experiencing increased demand for crude oil and are 
currently heavily dependent on OPEC for their supplies.  In recent years, Chinese investment in WCSB 
crude oil production has greatly accelerated.  Various pipeline projects have been proposed to transport 
crude oil from Alberta to the Canadian west coast, although they face significant opposition in the 
regulatory process (see Section 4.1).   

3.14.4.3 Environmental Effects of Oil Sands Development in Alberta 

Many commenters on the draft EIS expressed concerns about impacts in western Canada related to the 
extraction of crude oil from oil sand deposits in the provinces of Alberta and Saskatchewan, Canada.  
Additionally, there has been much controversy over environmental impacts to wildlife, boreal forests, 
threatened and endangered species, and water resources related to oil sands production.  Evaluation of 
impacts from extraction of crude oil from the oil sands is outside of the scope of analysis legally required 
under NEPA.  Further, it is not expected that the proposed Project would have any impact on the rate of 
development of extraction in Canada.  However, in response to comments and as a policy decision, a 
summary of general regulatory oversight and environmental impacts in Canada related to oil sands 
production has been included.  

Government regulators of oil sands activities in Canada are working to manage and provide regional 
standards for air quality, land impact, and water quality and consumption based on a cumulative effects 
approach.  Oil sands environmental regulations are administered by federal and provincial governments 
including the Ministry of the Environment, the Canadian Environmental Assessment Agency (which 
administers the Canadian Environmental Assessment Act), the Alberta Department of Environment, and 
the Alberta Department of Sustainable Resource Development.  Oil sands deposits are located primarily 
in Alberta, but also extend into Saskatchewan.  The Canadian Government and the Government of 
Alberta have a cooperative agreement to minimize regulatory overlap (the Canada-Alberta Agreement for 
Environmental Assessment Cooperation).  Oil Sands development projects undergo an environmental 
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review under Alberta’s Environmental Protection and Enhancement Act (EPEA) and the Water Act, as 
well as the CEA and the Species at Risk Act (SARA).  Other federal and provincial agencies may 
participate in the review as Responsible Authorities or as Federal Authorities with specialist advice.   

In early April 2011, the Government of Alberta announced that it had prepared a draft development plan 
for the Lower Athabascan oil sands region.  The plan would require cancellation of about 10 oil sands 
leases, set aside nearly 20,000 square kilometers (7,700 square miles) for conservation, and set new 
environmental standards for the region in an effort to protect sensitive habitat, wildlife, and forest land.  
The draft plan will be reviewed for 60 days and a final draft of legislation is planned to be submitted to 
the Cabinet in 90 days (The Globe and Mail 2011).  

Bitumen, a heavy oil extract, is recovered from oil sands by either in situ (in place) recovery or surface 
mining.  Most (80 percent) bitumen is recovered using in situ techniques which use SAGD to pump steam 
underground through a horizontal well to liquefy the bitumen, which is recovered by an extraction well. 
In situ recovery is less disturbing to the land surface than surface mining and does not require tailings 
ponds.  Oil sands underlie 140,200 km2 (54,132 mi2) in three areas of northeast Alberta of which 602 km2 
(232 mi2) has been disturbed by surface mining activity.  Surface mining requires an open pit, similar to 
many coal, iron ore, copper and diamond mines.  Mined oil sands are then transported to a cleaning 
facility where they are mixed with hot water to separate the oil from the sand.  There were 91 active oil 
sands projects in Alberta as of June 2010, four of which are mining projects (Government of Alberta 
2010). 

The human footprint within Alberta’s boreal forest natural region includes: 12 percent agriculture, 3 
percent forestry, 2 percent energy, and 1 percent transportation infrastructure, leaving 82 percent of the 
region with no human footprint (Alberta Biodiversity Monitoring Institute 2009).  The human footprint 
within the Alberta-Pacific Forest Industries Forest Management Agreement Area (Al-Pac FMA), a 57,331 
km2 area centered on the Athabasca oil sand deposit, includes: 4 percent forestry, 2 percent energy, and 1 
percent transportation infrastructure, leaving 93 percent with no footprint (ABMI 2009).  Cumulative 
impacts from oil sands development include GHG emissions and land surface alteration.  Land surface 
alteration includes mine sites, tailings ponds, well sites, industrial roads, pipelines, power lines, seismic 
cut lines, and facilities.  Biodiversity indicators evaluate ecosystem intactness or the proportion of human 
disturbance by assessing when common species become rare or disappear and when weedy or invasive 
species become common.  Intactness indices for the Al-Pac FMA indicate: 

• Intactness for 12 old-forest birds ranged from 96 to 100 percent with 7 of 12 old-forest birds less 
abundant than expected; 

• Intactness for 11 winter-active mammals ranged from 89 to 100 percent with 3 of 11 winter-
active mammals less abundant than expected; 

• Percent occurrence of 16 non-native weeds ranged from 2 to 28 percent with non-native weeds 
detected across 39 percent of the Al-Pac FMA; 

• For 4 of 17 species at risk that were evaluated, intactness was 97 or 98 percent, and 3 of the 4 
species were less abundant than expected (the monitoring system is not designed to evaluate the 
other 13 species at risk); 

• Intactness for four old-forest habitats ranged from 91 to 95 percent and for all old-forest habitats 
was 92 percent; and 

• Intactness for live trees was 97 percent, for snags (standing deadwood) was 95 percent, and for 
downed deadwood was 98 percent (AMBI 2009). 
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The following cumulative statistics related to environmental effects from oil sands development in 
Alberta are derived from the records of the province of Alberta (Government of Alberta 2010): 

• Alberta’s oil sands account for about 5 percent of Canada’s overall GHG emissions and Canada is 
responsible for about 2 percent of global emissions; 

• Oil sands mining projects have reduced GHG emissions intensity by an average of 39 percent 
between 1990 and 2008 and are working toward further reductions; 

• All existing and approved oil sands project may withdraw no more than 3 percent of the average 
annual flow of the Athabasca River (2008 usage was 0.7 percent of the long-term average annual 
flow); 

• Water use by oil sands mining operations continues to decrease, despite significant increases in 
production; 

• Many in situ projects recycle up to 90 percent of the water used in their operations, and use deep-
well saline water as an alternative to freshwater wherever possible; 

• Long-term air quality monitoring since 1995 shows improved or no change in CO, ozone, fine 
particulate matter, and SO2, and an increasing trend in NO2; 

• Air quality in the oil sands region is rated good 95 percent of the time; 

• Tailings (water, fine silts, left-over bitumen, salts and soluble organic compounds) ponds are 
constructed with groundwater seepage-capture facilities, and are closely monitored; 

• Tailings settling ponds are designed and located after environmental review and bird deterrents 
are used to prevent birds from landing on tailings ponds; 

• Currently, processing 1 tonne (1.1 tons) of oil sand produces about 94 liters (25 gallons) of 
tailings; 

• About 602 km2 (232 mi2) have been disturbed by oil sands mining activity of which 67 km2 (26 
mi2) has been or is in the process of reclamation (mine operators must provide a reclamation 
security bond); 

• Alberta’s boreal forest covers 381,000 km2 (147,100 mi2) of which the maximum area available 
for oil sands mining is 4,800 km2 (1,854 mi2) or about 1.25 percent of Alberta’s boreal forest 
area; 

• Alberta has committed to a cumulative effects approach that looks at potential impacts of all 
projects within a region; and 

• The Alberta Land Stewardship Act supports the Land-use Framework, which includes province-
wide strategies for establishing monitoring systems, promoting efficient use of lands, reducing 
impact of human activities and including aboriginal people in land-use planning. 

3.14.4.4 Protections for Shared Migratory Bird and Threatened and Endangered 
Species Resources 

Oil sands projects and oil transportation pipelines are evaluated and permitted by Canadian federal and 
provincial Canadian governments.  Canada’s version of the U.S. Migratory Bird Treaty Act (MBTA) is 
called the Migratory Bird Convention Act (MBCA).  Both the U.S. and Canadian acts are based on the 
Migratory Birds Convention treaty signed in 1916 by the U.S. and the United Kingdom (on behalf of 
Canada).  The Canadian Wildlife Service handles wildlife matters that are the responsibility of the 
Canadian federal government.  Canadian regulations supporting the MBCA are available at 
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http://laws.justice.gc.ca/en/M-7.01/C.R.C.-c.1036/.  In addition Canada’s rare and endangered migratory 
birds are protected under the Species at Risk Act (see http://www.sararegistry.gc.ca/the_act/html). 
Canadian protections for migratory birds are parallel to U.S. migratory bird protections.  Canada also 
provides for protection of migratory bird habitat within government-recognized sanctuaries.  Recent 
losses of migratory birds at WCSB oil sands tailings ponds have been cited as violations of the MBCA 
and have been prosecuted by the Canadian government.  

Bird resources (waterfowl, waterbirds, shorebirds, landbirds) are shared on a continental scale.  The Tri-
National North American Bird Conservation Initiative Committee was established to increase cooperation 
and effectiveness of bird conservation efforts among Canada, the United States, and Mexico.  Partnership-
based bird conservation initiatives have produced national and international conservation plans for birds 
that include species status assessments, population goals, habitat conservation threats, issues and 
objectives, and monitoring needs.  Multi-National North American bird conservation plans include the 
North American Waterfowl Management Plan, North American Landbird Conservation Plan, United 
States and Canadian Shorebird Conservation Plans, Waterbird Conservation for the Americas, North 
American Grouse Management Strategy, and Northern Bobwhite Conservation Initiative.  

The Partners in Flight conservation assessment concluded that nearly half of native landbirds in Canada, 
Mexico, and the U.S. depend on habitats in at least two of the countries and more than 200 species (more 
than 80 percent of all individual landbirds) use habitats in all three countries in at least one season 
(Berlanga et al. 2010).  The landbird assessment identified 148 bird species in need of immediate 
conservation attention because of highly threatened and declining populations.  The most imperiled 
species include: 44 species with very limited distribution, mostly in Mexico, that are at greatest risk of 
extinction; 80 tropical residents dependent on deciduous, highland and evergreen forests in Mexico; and 
24 species that breed in temperate-zone forests, grasslands, and aridland habitats (Berlanga et al. 2010). 
Steep declines in 42 common bird species have occurred over the past 40 years with the majority of 
steeply declining species breeding in the northern United States and southern Canada, and wintering in 
the southern United States and Mexico (Berlanga et al. 2010).  Declining bird populations face a diversity 
of threats on breeding grounds from land-use policies and practices related to agriculture, livestock 
grazing, urbanization, energy development, and logging (Berlanga et al. 2010).  Migratory species are 
threatened on their wintering grounds by loss of grasslands in northern Mexico and tropical forests in 
southern Mexico (Berlanga et al. 2010).   

Neither Section 7 of the ESA nor the Section 7 consultation and analysis process under ESA 
implementing regulations address species outside the borders of the U.S. and nothing in the language of 
Section 7 indicate that it would apply extraterritorially.  Shared species currently covered by both the 
ESA and the Canadian SARA that could potentially occur within the U.S. and Canadian portions of the 
proposed Keystone XL Project are listed in Table 3.14.4-1. 

Conservation measures developed to reduce impacts to these species for the proposed Project are 
described in Section 3.8 and Appendix T of the draft EIS. 25 Two U.S. candidate species occurring in 
Montana and South Dakota are not yet eligible for protection under the ESA but are protected under 
Canada’s SARA (Table 3.14.4-1); and the swift fox is listed as threatened in Canada.  Required 
mitigation, including seasonal restrictions, to minimize impacts of the proposed Keystone XL Project to 
SARA-protected species is available in Appendix R of the draft EIS. 

 

                                                 
25 The final EIS will include an updated Biological Assessment.  
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TABLE 3.14.4-1 
Endangered Species Act (U.S.) and Species at Risk Act (Canada) Species That Occur in Both 

the U.S. and Canadian Regions of the Proposed Keystone XL Project 

Common Name Scientific Name Status U.S./Status 
Canada 

Preliminary Findings 
(U.S.) Evaluation (Canada) 

Mountain Plover Charadrius montanus Proposed / 
Endangered NLAA NS 

Piping Plover Charadrius melodus Threatened / 
Endangered NLAA NS 

Whooping Crane Grus americana Endangered / 
Endangered NLAA Not Evaluated 

Greater Sage Grouse Centrocercus 
urophasianus 

Candidate / 
Endangered NA NS 

Sprague’s Pipit Antus spragueii Candidate / 
Threatened NA NS 

NLAA = may affect, not likely to adversely affect species 
NA = not applicable 
NS = effects not significant 

3.14.5 Summary of Cumulative Impacts 

There have been no substantive changes to this section and therefore it is not included in the SDEIS.  The 
draft EIS subsection can be downloaded at www.keystonepipeline-xl.state.gov.   

3.14.6 References 

Barr Engineering Company.  2010.  Low Carbon Fuel Standard “Crude Shuffle” Greenhouse Gas Impacts 
Analysis.  June.  Website: http://www.npra.org/files/Crude_Shuffle_Report_0616101.pdf. 

Canadian Association of Petroleum Producers (CAPP) and Environment Canada.  2010.  The Facts on Oil 
Sands 2010.  Website: 
http://www.capp.ca/UpstreamDialogue/OilSands/Pages/default.aspx#mKqbnrqcwfF5. 

CAPP.  See Canadian Association of Petroleum Producers. 

CCSP.  See U.S. Climate Change Science Program. 

CEQ.  See Council on Environmental Quality. 

Charpentier, A. D., J. A. Bergerson, and H. L. MacLean.  Understanding the Canadian Oil Sands 
Industry’s Greenhouse Gas Emissions.  Environmental research Letters 4(2009)014005.  Website: 
http:/stacks.iop.org/ERL/4/14005. 

 Council on Environmental Quality (CEQ).  2010.  Draft NEPA guidance on consideration of the effects 
of climate change and greenhouse gas emissions. Memorandum for Heads of Federal Departments 
and Agencies by Nancy H. Sutley, Council of Environmental Quality.  February 18, 2010.   

DOS.  See U.S. Department of State. 

EnSys Energy.  2010.  Keystone XL Assessment Final Report and Appendix. Prepared for the U.S. 
Department of Energy Office of Policy and International Affairs.  December 23. 

 3-206 
Supplemental Draft EIS  Keystone XL Project 

http://www.npra.org/files/Crude_Shuffle_Report_0616101.pdf


 

IHS CERA.  2010.  Special Report on Canadian Oil Sands, Greenhouse Gases, and U.S. Oil Supply. 
September.   

Jacobs Consultancy Inc.  2009.  Life Cycle Assessment Comparison of North American and Imported 
Crudes. Prepared For: Alberta Energy Research Institute. July.  Website: 
http://www.albertainnovates.ca/media/15753/life%20cycle%20analysis%20jacobs%20final%20report
.pdf. 

Karras, G.  2010.  Combustion Emissions from Refining Lower Quality Oil: What Is the Global Warming 
Potential?  Environmental Science & Technology, 44(24), November 30, 2010.  Website: 
http://pubs.acs.org/doi/pdf/10.1021/es1019965.  

Pembina Institute.  2010.  Briefing Note: Canadian Oil Sands and Greenhouse Gas Emissions.  The Facts 
in Perspective.  Website: http://www.circleofblue.org/waternews/wp-
content/uploads/2010/08/briefingnoteosghg-Pembina1.pdf. 

SDDNR.  See South Dakota Department of Natural Resources. 

South Dakota Department of Natural Resources (SDDNR).  2008.  Statement of Basis Prevention of 
Significant Deterioration Permit Hyperion Energy Center Near Elk Point Union County, South 
Dakota.  Website: http://www.state.sd.us/DENR/Hyperion/Air/20080911HyperionSOB.pdf. 

The Globe and Mail.  2011.  Alberta conservation plan stuns oil patch.  April 5.  Available at: 
http://www.theglobeandmail.com/report-on-business/industry-news/energy-and-resources/alberta-
conservation-plan-stuns-oil-patch/article1971930/ 

Tsui, P. T. P. and P. J. McCart. 1981.  Effects of streamcrossing by a pipeline on the benthic 
macroinvertebrate communities of a small mountain stream, Hydrobiologia, 79: 271-276. 

U.S. Department of State (DOS).  2009.  Record of Decision for the Alberta Clipper Pipeline Project.  
August 20, 2009. 

U.S. Environmental Protection Agency (EPA).  2008.  Inventory of U.S. Greenhouse Gas Emissions and 
Sinks: 1990-2006.  Website: http://epa.gov/climatechange/emissions/usinventoryreport.html. 

EPA.  2009.  Webpage: Future Ocean Acidification.  Website 
(http://www.epa.gov/climatechange/science/futureoa.html) accessed December 17, 2009.  

TIAX.  2009.  Comparison of North American and Imported Crude Oil Lifecycle GHG Emissions Final 
Report.  Prepared for Alberta Energy Research Institute.  July 29.  Website: 
http://albertainnovates.ca/media/15765/tiax%20stakeholder%20input.pdf. 

U.S. Climate Change Science Program (CCSP).  2008.  Preliminary review of adaptation options for 
climate-sensitive ecosystems and resources. A Report by the U.S. Climate Change Science program 
and the Subcommittee on Global Change Research. Julius, S.H., J.M. West (eds.), J.S. Baron, B. 
Griffith, L.A. Joyce. P. Kareiva, B.D. Keller, M. A. Palmer, C.H. Peterson, and J.M. Scott (Authors). 
U.S. Environmental Protection Agency, Washington, D.S. USA, 873 pp. 

 

 3-207 
Supplemental Draft EIS  Keystone XL Project 

http://www.albertainnovates.ca/media/15753/life%20cycle%20analysis%20jacobs%20final%20report.pdf
http://www.albertainnovates.ca/media/15753/life%20cycle%20analysis%20jacobs%20final%20report.pdf
http://www.circleofblue.org/waternews/wp-content/uploads/2010/08/briefingnoteosghg-Pembina1.pdf
http://www.circleofblue.org/waternews/wp-content/uploads/2010/08/briefingnoteosghg-Pembina1.pdf


 

 3-208 
Supplemental Draft EIS  Keystone XL Project 

 
 

 

 

 

 

 

 

 

 

 

This page intentionally left blank.  



 

[ FIGURE PLACEHOLDER ] 

 

3.14.3-1  Comparison of the Percent Differential for WTW GHGs from Gasoline Produced 
 from Canadian Oil Sands Relative to Reference Crudes 
 
3.14.3-2 Comparison of the Percent Differential for WTT GHGs from Gasoline Produced from 
 Canadian Oil Sands Relative to Reference Crudes 
 
3.14.3-3 Percent Change in WTW Weighted-Average GHG Emissions from WCSB Oil Sands 
 Crudes Relative to Reference Crudes

 



 

3.15 POTENTIAL IMPACTS OF THE BAKKEN MARKETLINK AND CUSHING 
MARKETLINK PROJECTS 

This section of the EIS provides summary information on the potential impacts of the proposed 
Marketlink projects based on the limited information available on the design, construction, and operation 
of these projects.  Keystone Marketlink LLC may be required to obtain permits to construct and operate 
the planned Marketlink projects, and if permits are required, permit applications for these projects would 
be reviewed and acted on by agencies other than DOS.  Those reviews would address potential impacts in 
greater detail and would identify any appropriate mitigation measures that would avoid or minimize 
impacts.   

As noted in Figure 2.5.3-2, the tank farm for the Bakken Marketlink Project near Baker, Montana would 
be adjacent to proposed Project Pump Station 14 and the northeastern and northwestern property 
boundaries would extend along the borders of the ROWs for the proposed Project and the existing Bridger 
Pipeline.  The site of the tank farm and Pump Station 14 would have an area of approximately 15 acres 
and the offsite metering manifold would have an area of approximately 9 acres.  The location of the 
offsite metering manifold has not been identified but would likely be in close proximity to the tank farm 
site.  There would also be a 16-inch-diameter pipeline about 5 miles long that would extend from an 
existing crude oil tank farm to the Bakken Marketlink facilities.  The route of that pipeline has not been 
determined. 

Keystone reported that the property is currently used as pastureland and hayfields and that a survey of the 
property indicated that there were no cultural resources, listed species or listed species habitat, raptors, or 
wetlands on the property.  A review of aerial photographs confirmed the current use of the land and that 
there are no waterbodies associated with the site.  A site inspection by the DOS third-party contractor 
confirmed these findings.  As a result, the potential impacts associated with expansion of the pump station 
site to include the tank farm would likely be similar to those described in Section 3.0 for the proposed 
Project pump station and pipeline ROW in that area.   

The proposed facilities near Baker would not likely affect the piping plover since this region is used only 
during migration, nor would they likely affect the whooping crane since this region is not within the 
primary migration corridor.  The proposed Bakken Marketlink facilities near Baker would be within a 
region used by greater sage grouse, including previously identified lek locations, and Sprague’s pipit and 
in a region historically used by mountain plover.  Potential impacts of the proposed Bakken Marketlink 
facilities on sage grouse, interior least tern, and mountain plover, and potential impacts to habitats that 
they depend on, would be evaluated during environmental reviews conducted during permitting for the 
proposed Bakken Marketlink Project, if permits are required for the project.  The potential impacts would 
be evaluated in coordination with MDEQ, Montana Fish, Wildlife & Parks, and the U.S. Fish and 
Wildlife Service.  Impacts would be avoided, minimized, or mitigated in accordance with the 
requirements of those agencies. 

The tanks associated with the proposed Bakken Marketlink facilities near Baker would have emissions 
similar to or less than those of the Cushing tank farm listed in Table 3.12.1-4 of draft EIS.  The tank sizes 
and likely throughput of the connected actions would be less than the tank sizes and throughput expected 
for the proposed Project at the Cushing tank farm.  However, the design specifics of the tanks and the 
anticipated throughputs were not available at the time that this SDEIS was prepared.  Keystone 
Marketlink LLC would be required to provide those data along with project-specific emission estimates in 
its application for an air permit for the project.  

 3-209 
Supplemental Draft EIS  Keystone XL Project 



 

 3-210 
Supplemental Draft EIS  Keystone XL Project 

The facilities for both of the Marketlink projects at Cushing would be installed within the boundaries of 
the proposed Cushing tank farm, which would house Pump Station 32 of the proposed Project.  As a 
result, the potential impacts of construction of those facilities would be similar to those described for the 
Cushing tank farm in Sections 3.1 through 3.12.  The tanks associated with the proposed Marketlink 
project at Cushing would have emissions similar to or less than those of the Cushing tank farm listed in 
Table 3.12.1-4 of the draft EIS.  The tank sizes and likely throughputs of these connected actions would 
be less than the tank sizes and throughput expected for the proposed Project at the Cushing tank farm.  
The design specifics of the tanks and the anticipated throughputs for the two Marketlink facilities at 
Cushing were not available at the time that this SDEIS was prepared.  Keystone Marketlink LLC would 
be required to provide those data along with project-specific emission estimates in its applications for air 
permits for the projects.  Emissions from the projects would be required to be in compliance with the 
emission limits of the permits issued.   

The addition of the Bakken Marketlink transport capacity would not be expected to impact the rate of 
growth in crude oil production from the Bakken formation in the Williston basin in North Dakota and 
Montana.  A North Dakota Pipeline Authority report (2010) examined projected increases in production 
in North Dakota and eastern Montana compared to current and planned transportation routes for crude oil.  
That forecast indicates that even under high growth projections for crude oil production in the area, there 
is sufficient existing and planned pipeline transport capacity to accommodate the increased production 
through at least 2017 without the Bakken Marketlink project.  For the lower growth projections, the report 
indicates that there is a potential excess crude oil transport capacity out of the region of approximately 
160,000 bpd. 

3.15.1 References 

North Dakota Pipeline Authority.  2010.  North Dakota’s Oil Transportation Infrastructure.  December.  
Website:https://www.dmr.nd.gov/pipeline/assets/pdf/01212011/NDPA%20Dec%202010%20Oil%20
Report.pdf. 

 

 



 

4.0 ALTERNATIVES 

DOS has included the entire revised Alternatives section in this SDEIS to provide reviewers with an 
expanded description of the screening method used in the alternatives analysis, supplemental information 
on the No Action Alternative, additional System Alternatives and expanded analysis of some system 
alternatives, and additional route alternatives, including route alternatives identified in response to 
concerns expressed in comments received on the draft EIS related to the Sand Hills topographic region 
and the NHPAQ system, which includes the Ogallala aquifer in Nebraska.  There are also two new 
subsections: Pipeline Design Alternatives (Section 4.4) and Alternative Sites for Aboveground Facilities 
(Section 4.5).  Figures are presented at the end of this section. 

Consistent with NEPA, DOS and the cooperating agencies conducted an analysis of alternatives to the 
proposed Project.  The alternatives were developed based on the purpose and need for the proposed 
Project as discussed in Section 1.2.  The alternatives analysis relied on information provided to agencies 
in the presidential permit and MFSA applications (including supplemental submittals), information and 
suggestions provided during scoping for the EIS and during the public comment period on the draft EIS, 
and information obtained through research and analyses conducted by DOS and its third-party contractor.   

The alternatives analysis included a screening process that first considered a range of categories of 
potential alternatives.  The categories of alternatives considered included: 

• No Action Alternative (Section 4.1) − addresses projected beneficial and adverse environmental, 
social, and economic impacts that would result if the proposed Project were not implemented; 

• System Alternatives (Section 4.2) − the use of other pipeline systems or other methods of 
providing heavy crude oil to the Cushing tank farm (PADD II) and the U.S. Gulf Coast market 
(PADD III);  

• Major Route Alternatives and Route Variations (Section 4.3) − other potential pipeline routes for 
transporting heavy crude oil from the U.S./Canada border to the Cushing Tank Farm (PADD II) 
and the U.S. Gulf Coast Market (PADD III), and minor route adjustments along the proposed 
Project route; 

• Alternative Pipeline Designs (Section 4.4) − aboveground installation of the pipeline and 
alternate pipeline diameters; and  

• Alternative Sites for Aboveground Facilities (Section 4.5) − alternative sites for pump stations, 
MLVs, and the tank farm.  

The alternatives analysis presented in the draft EIS was revised based on comments on the draft EIS and 
updated information or information unavailable at the time the draft EIS was issued.  This information 
includes the recent EnSys Energy and Systems, Inc. report (EnSys 2010) on the need for the proposed 
Project and the relationship of the proposed Project to production of crude oil from the Canadian oil 
sands.  DOE contracted EnSys to evaluate different WSCB crude oil transportation scenarios through 
2030.  DOE contracted the study to assist DOS in better understanding the potential impacts of the 
presence or absence of the proposed Project on U.S. refining and petroleum imports, international 
markets, and production of crude oil from the WCSB.  The EnSys (2010) report is presented Appendix A 
of this SDEIS. 

The conclusions reached in the revised assessment of alternatives remain the same as those presented in 
the draft EIS.   
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4.1 NO ACTION ALTERNATIVE 

Under the No Action Alternative, the proposed Project would not be constructed and operated.  Therefore, 
selection of the No Action Alternative would not require the issuance of a Presidential Permit for 
construction and operation of the proposed Project.  Under the No Action Alternative, the environmental 
effects specific to the proposed Project described in this EIS would not occur.  As described below, if the 
No Action Alternative is implemented it is likely that the other methods of transporting WCSB crude oil 
to the world marketplace would be implemented.  Impact comparison scenarios in the U.S. associated 
with the No Action Alternative are presented in Table 4.1-1.



 

TABLE 4.1-1 
Comparison of Key Impacts of the Proposed Project and the No Action Alternative 

   Impact Comparison for Scenarios Associated with the No Action Alternative c  

Resource 
Summary of the Key Impacts of 

Proposed Project a 

No New or Expanded 
Pipelines in Canada or the 
U.S. b 

New Pipeline Between 
PADDs II and III 

New Pipeline from 
Canada/U.S. Border to 
PADD III 

Geology •   Fossil  damage or destruction and 
unauthorized collection  

No impact to Geology Less than or equal to  Greater than or equal to 

•    Temporary to short-term soil erosion 
•    Minor loss of topsoil 

Soils and Sediments 

•    Short-term to long-term soil 
compaction 

No impact to Soils and 
Sediments 

Less than or equal to Greater than or equal to 

•    Temporary to short-term surface 
water quality degradation and 
disturbance of areas with high water 
tables  

•    Temporary to short-term increase in 
surface water runoff in the ROW 

•    Temporary to short-term degradation 
of aquatic habitat  

•    Changes in channel morphology and 
stability  

•    Temporary to long-term decrease in 
bank stability  

Water Resources 

•    Temporary reduced flow in streams 
during hydrostatic testing 

No impact to Water 
Resources 

Less than or equal to Greater than or equal to 

•    Loss of wetlands and modification to 
productivity  

•    Temporary to permanent change of 
wetland vegetation community, 
including forested wetlands.  

•    Wetland soil disturbance 

Wetlands 

•    Temporary increase in turbidity and 
changes in wetland hydrology and 
water quality  

No impact to Wetlands     
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TABLE 4.1-1 
Comparison of Key Impacts of the Proposed Project and the No Action Alternative 

   Impact Comparison for Scenarios Associated with the No Action Alternative c  

Resource 
Summary of the Key Impacts of 

Proposed Project a 

No New or Expanded 
Pipelines in Canada or the 
U.S. b 

New Pipeline Between 
PADDs II and III 

New Pipeline from 
Canada/U.S. Border to 
PADD III 

 

•    Permanent alteration in water-holding 
capacity due to alteration or 
breaching of water-retaining 
substrates in the Prairie  

 Pothole and Rainwater Basin regions 

   

•    Minor long-term alteration in 
vegetation productivity and life stage 
timing due to increased soil 
temperatures   

•    Minor and long-term alteration in 
freeze-thaw timing due to increased 
water temperatures. 

   

•    Temporary to permanent modification 
of vegetation community composition 
and structure, including croplands, 
grassland/ rangeland, sagebrush, and 
riparian and upland forests, and CRP 
and WRP land. 

•    Potential expansion of invasive and 
noxious weed populations along the 
pipeline ROW  

•    Minor short- to long-term soil and sod 
disturbance potentially altering 
hydrologic patterns, inhibiting water 
infiltration and seed germination, or 
increasing siltation 

Vegetation 

•    Alteration in vegetation productivity 
and life stage timing due to increased 
soil temperatures  

No impact to Vegetation Less than or equal to Greater than or equal to 

Wildlife •    Short-term disturbance and medium 
to long-term loss or modification of 
habitats, including fragmentation, that 
provide forage, cover, and breeding  

No impact to Wildlife Less than or equal to Greater than or equal to 
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TABLE 4.1-1 
Comparison of Key Impacts of the Proposed Project and the No Action Alternative 

   Impact Comparison for Scenarios Associated with the No Action Alternative c  

Resource 
Summary of the Key Impacts of 

Proposed Project a 

No New or Expanded 
Pipelines in Canada or the 
U.S. b 

New Pipeline Between 
PADDs II and III 

New Pipeline from 
Canada/U.S. Border to 
PADD III 

 habitat for wildlife. 
•   Direct mortality during construction 

and maintenance  
•    Indirect mortality and reduced  
 breeding success due to stress or 

avoidance of feeding during 
construction and from noise and 
human activity during operation 

 

•    Reduced survival or reproduction due 
to decreased abundance of forage 
species or reduced cover  

   

•    Habitat loss, alteration, and 
fragmentation, including habitats for 
recreationally and commercially 
important species 

•    Short- to long-term changes in 
benthic invertebrate community  

•    Increased water temperature due to 
removal of vegetation  

•    Direct mortality to fishery and aquatic 
resources during construction 

•    Gill irritation, avoidance behaviors, 
and stress due to  increase in 
suspended sediments potentially 
leading to mortality or reduced 
productivity  

•    Minor reduction of population growth 
through burial of eggs or young fish 
by sediments 

•    Temporary blockage or delays to 
normal fish movements  

Fisheries Resources 

•    Entrainment of eggs, small fish, and 

No impact to Fisheries 
Resources 

Less than or equal to Greater than or equal to 
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TABLE 4.1-1 
Comparison of Key Impacts of the Proposed Project and the No Action Alternative 

   Impact Comparison for Scenarios Associated with the No Action Alternative c  

Resource 
Summary of the Key Impacts of 

Proposed Project a 

No New or Expanded 
Pipelines in Canada or the 
U.S. b 

New Pipeline Between 
PADDs II and III 

New Pipeline from 
Canada/U.S. Border to 
PADD III 

drifting macroinvertebrates during 
withdrawal of hydrostatic test water 

Threatened and 
Endangered (T&E) 
Species 

•    May affect, but not likely to adversely 
affect 11 species.  American burying 
beetle potentially adversely affected.   

•    Loss, alteration, and fragmentation of 
habitat supporting T&E species 

No impact to T&E Species NAd T&E NAd T&E 

•    Stress to T&E species, reduced 
breeding success,  and avoidance of 
feeding due to noise and increased 
human activity  

•    Reduced survival or reproduction due 
to decreased abundance of forage 
species or reduced cover 

   

•    Short- to long-term loss of agricultural 
productivity and crop loss 

•    Some current land uses would be 
converted to permanent utility use 

•    Temporary visual impacts due to 
construction, and short- to permanent 
visual impacts from changes in 
vegetation composition and structure 
and the presence of aboveground 
facilities. 

Land Use, Recreation, 
and Visual Resources 

•    Temporary impacts to recreation from 
increases in noise, dust, and 
construction activity and traffic. 

No impact to Land Use, 
Recreation, and Visual 
Resources 

Less than or equal to Greater than or equal to 

•    Compensation to property owners for 
ROW easements  

Socioeconomics 

•    Economic benefits from the purchase 
of goods and services during 
construction and operation 

 

  Less than or equal to   
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TABLE 4.1-1 
Comparison of Key Impacts of the Proposed Project and the No Action Alternative 

   Impact Comparison for Scenarios Associated with the No Action Alternative c  

Resource 
Summary of the Key Impacts of 

Proposed Project a 

No New or Expanded 
Pipelines in Canada or the 
U.S. b 

New Pipeline Between 
PADDs II and III 

New Pipeline from 
Canada/U.S. Border to 
PADD III 

•    Minor, temporary adverse impacts on 
services associated with the needs of 
construction workers  

•    Positive fiscal impacts associated 
with property, sales, and other tax 
revenues  

•    Positive impact to employment 
opportunities and income levels 

•    Minor, temporary impact on transient 
housing  

 

•    Potential changes in property values 

   

•    Release of fugitive dust  
•    Emissions from fossil-fuel fired 

construction equipment and vehicles  
•    Emissions from open burning  
•    Emission of volatile organic 

compounds and hazardous air 
pollutants  from temporary fuel 
transfer systems and storage tanks, 
surge relief tanks, and crude oil 
storage tanks  

•    Minimal fugitive emissions from 
pipeline connections and pumping 
equipment at the pump stations. 

•    Minor, short-term, localized, and 
intermittent impacts from construction 
noise 

Air Quality and Noise 

•    Minor noise impacts from operation of 
the electrically-powered pump 
stations  

No impact to Air Quality and 
Noise 

Less than or equal to Greater than or equal to 

Greenhouse Gas (GHG) 
Emissions 

•    Minor emissions of GHG from 
construction and operation  

Greater than Less than or equal to Greater than or equal to 
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a Definitions of duration of impacts: 
 Temporary impacts generally occur during construction, with resources returning to pre-construction conditions almost immediately afterward. 
 Short-term impacts last up to approximately 3 years after completion of construction.  
 Long term impacts result when resources require more than 3 years to recover.  
 Permanent impacts occur when resources do not return to preconstruction conditions during the life of the proposed Project (e.g., impacts to vegetation due to construction of 
 aboveground structures). 
b This alternative assumes that refineries in PADD III would continue to receive crude oil from foreign sources, with the decreasing supply from Mexico and Venezuela to be replaced 
by crude oil from more distant countries requiring longer shipping routes.  EnSys (2010) reported that it is unlikely that there would be no expansion of existing pipelines or installation 
of new pipelines in both Canada and the U.S. to transport WCSB crude oil from Canada to world markets.  
c For most resources, the type, magnitude, and duration of impacts to the resource areas for the scenarios listed would be similar to those of the proposed Project.  Therefore, the table 
indicates the comparison to the suite of impacts listed for the proposed Project for each resource.  Greater than, equal to, less than = the impacts of the No Action Alternative for the 
listed scenario are greater than, equal to, or less than those of the proposed Project.   
d NA = not applicable.   



 

4.1.1 PADD III Crude Oil Demand and Supply with the No Action Alternative 

EnSys (2010) reported that in 2009, PADD III refineries imported 5.1 million bpd of crude oil, including 
2.9 million bpd of heavy crude oil, obtained from more than 40 countries.  The top 4 suppliers were 
Mexico (21 percent), Venezuela (17 percent), Saudi Arabia (12 percent), and Nigeria (11 percent) (EIA 
2010b).  PADD III refinery runs are projected to grow by over 500,000 bpd by 2020 (Purvin & Gertz 
2009); however, Mexico and Nigeria face declining or uncertain production horizons and Venezuelan 
supplies are subject to both decreasing reserves and political uncertainty.  As a result, the PADD III 
demand for substitute sources of crude oil, particularly the heavy crude oil currently sourced from Mexico 
and Venezuela, is expected to increase in the future (Sections 1.2 and 1.4) under the EIA (2010) reference 
case projections, that incorporate reasonably foreseeable energy projects, energy conservation efforts, and 
renewable energy resource development.  Although some analysts project that in the short-term the 
worldwide crude oil slate could become somewhat lighter due to short-term increases in natural gas 
liquids and condensate supply, PADD III refiners may find a more competitive world market for heavy 
crude because there has been a worldwide trend in developing capacity to refine heavier grades of crude, 
including in countries that produce such heavier grades (e.g., Brazil, Saudi Arabia, Qatar, and Kuwait) 
(EnSys 2010).  As a result, EnSys (2010) stated the following: 

“Taken together, these developments create an outlook where PADD III refiners could have 
difficulty in the future competing for and obtaining sufficient heavy crudes to fill available heavy 
crude processing and upgrading capacity, and therefore a priori could be expected to have an 
interest in acquiring heavy WCSB crudes.” 

Under the No Action Alternative, the PADD III refineries would continue to acquire heavy crude oil 
primarily from sources other than Canada to fulfill PADD III heavy crude oil demand and/or find 
alternative methods to deliver WCSB heavy crude oil to PADD III.  Under the No Action Alternative, 
crude oil demand in PADD III would likely be met by one or more of the following options: 

• Delivery by marine tankers from countries outside of North America (primarily from the Middle 
East); 

• Delivery from the WCSB through the construction of alternative pipeline systems between the 
WCSB and PADD III; 

• Delivery from the WCSB to PADD III via existing pipeline connections to PADD II and new 
onward pipeline connections to PADD III; 

• Delivery  of WCSB crude by other transportation methods (e.g., railroad tank cars, perhaps 
supported by barge transport); or 

• Delivery from the WCSB through the construction of a pipeline to a port in Canada and 
subsequent shipment of the oil by marine tanker to PADD III. 

The No Action Alternative would not provide PADD III with a stable, overland transportation system for 
access to a secure source of North American crude oil in the near term.  As a result, in the near term 
PADD III would continue to be dependent on less reliable foreign oil supplies that require greater marine 
shipping distances and, thus, involve longer delays in finding substitute sources to respond to supply 
disruptions that may occur.   

While at least in the short term projections are that world crude oil supplies may become somewhat 
lighter (EnSys 2010), the longer term trend towards exploitation of heavier crude oil resources and the 
geographically close supplies of heavy crude from Mexico and Venezuela has led to increased reliance on 
heavy crude oil at PADD III refineries.  PADD III refineries already have substantial capacity at their 
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existing facilities to allow the refinement of heavy crude oil (Gunaseelan and Buehler 2009, Sword 2008).  
In addition, major refinery upgrades representing a total of 365,000 bpd of new capacity are planned at 
Port Arthur, Texas refineries that would have direct pipeline access to oil transported through the 
proposed Project, and several PADD III refineries without direct pipeline access have either implemented 
or are planning upgrades to increase heavy oil refining capacity (e.g., Artesia, New Mexico, Garyville, 
Louisiana, Borger, Texas) (CAPP 2009 2010).  Additionally, CAPP 2010 reports that plans for refinery 
upgrades to handle heavy crude oil have been revived in St. Charles, Louisiana and Tuscaloosa, Alabama. 

Under the No Action Alternative, excess pipeline capacity into the northern U.S. from Canada, primarily 
into PADD II, would likely persist until at least 2020 (EnSys 2010), although the supply of WCSB crude 
oil to PADD III refineries would be constrained by existing pipeline capacity into PADD III (CAPP 2009, 
Purvin & Gertz 2009) unless an alternative pipeline from PADD II to PADD III were constructed.  PADD 
III represents the largest refining capacity in the U.S. and therefore would continue to acquire heavy crude 
oil primarily from sources other than Canada to fulfill demand in the near term.  The refineries receive 
WCSB heavy crude oil from the 96,000-bpd ExxonMobil Pegasus Pipeline, which is the only pipeline 
that provides PADD III refineries direct access to WCSB crude oil (CAPP 2009).  Small volumes of 
WCSB heavy crude oil currently move to Gulf Coast refineries by barge from PADD II and by marine 
tanker from the Westridge dock near Vancouver, British Columbia, Canada (EnSys 2010).   

If the constraints on delivery of WCSB crude oil into PADD III persisted, there would tend to be upward 
pressure on the price of heavy crude oil imported into PADD III and on the prices of refined products 
shipped out of PADD III, although the impact of this upward pressure is projected to be small over the 
longer term (EnSys 2010).  If long-term constraints on delivery of WCSB crude oil to the U.S. Gulf Coast 
and the Canadian west coast persist, a glut of WCSB crude oil could develop in PADD II potentially 
leading to downward pressure on the price of crude oil in PADD II sometime after 2020 (EnSys 2010).  
Currently, the lack of transport capacity out of Cushing has substantially depressed the price of West 
Texas Intermediate (WTI) crude compared to other world benchmark crudes, such as Brent Blend.  It is 
not yet clear if this is a short-term phenomenon, or whether or how the phenomenon might be reflected in 
refined fuel prices in the PADD II area. 

Under the No Action Alternative, in the immediate future, the gap created by declining supply from 
traditional heavy crude suppliers, primarily Mexico and Venezuela, would likely be filled by increases in 
other foreign imports delivered by marine tanker, notably from the Middle East (EnSys 2010).  Increased 
reliance on Middle East supply would lead to increased marine tanker traffic to PADD III and higher 
priced Middle Eastern medium crudes may not fit the crude slates of upgraded PADD III refineries that 
are better optimized to process heavy crude oil.  In the medium- to long-term, a crude oil pipeline system 
from Canada to PADD III (other than the proposed Project) could be constructed to provide WCSB crude 
oil to PADD III refineries, and the EnSys (2010) report results indicate that there is a strong market 
preference to put in place a broadly similar capacity to that provided by the proposed Project.  
Alternatively, additional pipeline infrastructure could be constructed to provide greater pipeline capacity 
between PADD II and PADD III that, in conjunction with existing excess cross border pipeline capacity 
in PADD II, could meet short term heavy crude oil demand in PADD III (until approximately 2020).   

4.1.2 WCSB Crude Oil Production and World Market Access under the No Action 
Alternative 

4.1.2.1 WCSB Crude Oil Production and Existing Export Capacity 

Currently, crude oil production from the WCSB totals approximately 2.4 million bpd, with approximately 
55 percent coming from the oil sands (CAPP 2010).  Forecasts by CAPP project growth in WCSB 
production to 4.19 million bpd by 2025, with the oil sands comprising 3.5 million bpd.  These growth 
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projections are based upon a survey of projects operating, projects under construction, and projects 
announced for construction.  There are numerous logistical challenges to reaching such production 
numbers, including limited labor supply and long supply chains to get materials to northern Alberta, but 
other production outlooks, such as IEO (2010), have similar production amounts from the oil sands for 
2025 time period.  The other forecasts that include similar numbers for potential oil-sands sands 
production, show a rough correlation between world crude oil price and oil-sands production – higher 
world oil prices lead to higher production from the oil sands, lower world oil prices lead to lower 
production from the oil sands (IEO 2010, IEA 2010). 

Currently, there is approximately 3.8 million bpd of existing pipeline capacity to transport crude oil 
produced in the WCSB into the United States.  Comparing the projected production to existing capacity, 
EnSys (2010) stated that: 
 

“Under every scenario where pipeline expansion is not restricted, WCSB crude supply is 
projected to be maintained at the levels projected in 2010 by the Canadian Association of 
Petroleum Producers . . . [and] . . . current pipeline capacity would be sufficient to deliver 
projected WCSB production to market at least until 2020 even with no expansion.”  
 

Examining the existing cross-border pipeline capacity does not give the entire picture, because, as 
described in the previous section, there is market demand in PADD III for WCSB crudes, and the existing 
cross-border pipeline capacity does not deliver to PADD III.  That market demand in PADD III is not 
dependent upon construction of the proposed Project, since market demand would exist to put in place 
similar capacity to deliver WCSB crudes to PADD III (EnSys 2010). 

The United States is currently the only substantial export market for WCSB crudes, as there is limited 
transport capacity to move the crudes to the world market.  However, there is interest on the part of crude 
oil producers to gain access to other markets.   

4.1.2.2 WCSB Crude Oil Potential Access to World Markets  

Producers in Canada have stated that if the U.S. market is not available to them, much of the WCSB crude 
oil would be shipped outside of North America, particularly to Asian markets including Japan, China, 
South Korea, and India, which are the world’s third through sixth largest importers of oil, respectively 
(CIA 2010). 

Under the No Action Alternative, it is likely that there would be an increase in market incentives for 
WCSB crude oil producers to seek access to Asian markets until sufficient alternative infrastructure 
becomes available to facilitate access to the U.S. PADD III market.  According to EnSys (2010): 

“Over the next twenty years, the principal choice for WCSB exporters is between moving 
increasing crude oil volumes to the USA or to Asia.  Led by China, which has already bought 
heavily into oil sands production, Asia constitutes the major region for future petroleum product 
demand and refining capacity growth and offers Canada diversification of markets. In addition, 
costs for transporting WCSB crudes to major markets in northeast Asia (China, Japan, South 
Korea, Taiwan) are lower than to transport the same crudes via pipeline to the US Gulf Coast.  
Projections from this study, which are supported by third party information, indicate that Asian 
markets are attractive and could absorb at least 1 mbd [million barrels per day] of WCSB crudes, 
potentially significantly more; this versus the less than 50,000 bpd of WCSB crude that moves to 
Asia today.”   
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If large quantities of WCSB crude oil were to be shipped to Asia, the oil would likely move by pipeline to 
marine ports in Canada and would be transported from there by marine tanker to countries outside of 
North America.  Within Canada, this would require construction of at least one new pipeline from the 
WCSB production area to a port on the Canadian west coast.  It is likely that an existing port would have 
to be modified or a new port would have to be constructed in order to handle very large volumes of oil 
exports.  Examples of potential world market access pathways based on currently available information 
are described below.   

Northern Gateway Pipeline  

In May 2010 Enbridge submitted an application to the NEB seeking approval for construction and 
operation of the Northern Gateway Pipeline.  According to the application, this facility would initially 
transport up to 525,000 bpd of WCSB crude oil from Edmonton to a port in Kitimat, B.C.  The ultimate 
destination of the crude oil transported by this project would be the Asia-Pacific Rim countries, 
particularly China and Korea, and to refineries on the U.S. West Coast.  The project could be expanded to 
transport up to 800,000 bpd and would include a diluent pipeline that would transport 193,000 bpd of 
diluent from a port at Kitimat to the Edmonton area.  The proposed route is depicted on Figure 4.1.2-1.  
The current target for startup is 2016, although the project is encountering strong resistance from First 
Nations and environmental groups that may delay or postpone the project.  

Sinopec Corporation, the second-largest oil producer and largest refiner in China, announced that it is 
among a group of producers and refiners providing $100 million (Canadian $) to assist in financing the 
$5.5 billion (Canadian $) Northern Gateway pipeline project (Reuters 2011a).  The financing is intended 
to be used for regulatory and development costs in exchange for guaranteed space on the pipeline and the 
right to an equity stake.   

Kinder Morgan Trans Mountain Pipeline Projects 

The existing Kinder Morgan Trans Mountain Pipeline transports WCSB crudes west from Edmonton to 
the 55,000 bpd Chevron refinery at Burnaby and to a dock at Westridge, both near Vancouver, B.C.  The 
Trans Mountain pipeline also connects to the Puget Sound Pipeline, a spur that extends to four refineries 
at Ferndale, Anacortes, and Cherry Point in Washington.  Crude oil can be shipped via the Westridge or 
Burnaby docks by barge or tanker to U.S. refineries in Washington, although historically this mode of 
transport has been primarily to California, the U.S. Gulf Coast, and Asia.  Kinder Morgan expanded the 
Trans Mountain system to a maximum capacity of 300,000 bpd in 2008 via its TMX1 project.  However 
even with that expansion, the system is over subscribed as reported by EnSys (2010):  

“According to a press announcement in late October 2010 [Reuters 2010], the Transmountain 
pipeline is running at 316,000 bpd, i.e. above nameplate capacity, and is 32% over-subscribed for 
the month of November as of the time of this report.  This tends to reinforce that there is growing 
demand for the line’s capacity.” 

That situation extended into early 2011, when Kinder Morgan informed shippers that they would only be 
able to ship approximately 75 percent of the volumes requested (Reuters 2011b).   

Kinder Morgan has plans to further expand this pipeline system with its TMX2 looping project that would 
increase the capacity to 380,000 bpd, and further increase the capacity 700,000 bpd with its TMX3 
project.  However, as of the time this EIS was prepared, Kinder Morgan had not announced a decision to 
go forward with either project, and in January 2011, Petroleum News (2011) reported that “Kinder 
Morgan decided last year to slow plans to further increase Trans Mountain capacity.”  The routes of the 
existing Trans Mountain pipelines system and the planned expansions are depicted on Figure 4.1.2-1.  
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Based on existing information, it is assumed that the expansions would be implemented in the 2015 to 
2020 time frame.  Kinder Morgan also plans to upgrade the Westridge dock to allow use of larger tankers, 
although this proposed project faces strong opposition (as does the looping project that would expand 
capacity of the existing pipeline).  In late November 2010, Kinder Morgan applied to the NEB to establish 
longer term “firm service” contracts for WCSB crude oil shipments across the Westridge Dock (EnSys 
2010).   

Kinder Morgan has also announced plans for a Northern Leg expansion of the Trans Mountain system.  
The Northern Leg would extend from Edmonton to near Valemont, B.C., then extend west to Kitimat (see 
Figure 4.1.2-1).  As currently planned, the maximum capacity of the Northern Leg would be 400,000 bpd, 
and the port at Kitimat can accommodate very large crude carrier class tank ships.  The Northern Leg 
expansion is considered by Kinder Morgan to be a longer-term project.  It also faces strong opposition 
from First Nations and environmental groups.  If regulatory approvals were obtained and all of the above 
expansions are constructed and operated, the Trans Mountain system would have a total capacity of 1.1 
million bpd.   

Other Potential Projects 

There are several other potential projects announced previously that could transport WCSB crude oil that 
are presently dormant and may be revived in the future.  These projects are considered potential System 
Alternatives and are described in Section 4.2.    

4.1.2.3 Likely Future Impacts under the No Action Alternative 

Any alternative pipeline system constructed to move WCSB crude oil directly to PADD III refineries 
would likely have environmental impacts that are similar to those of the proposed Project.  Additional 
pipeline infrastructure constructed to provide greater pipeline capacity between PADD II and PADD III 
would likely produce environmental impacts similar to those of the Gulf Coast Segment of the proposed 
Project.  Oil shocks (unanticipated supply reductions that result in price spikes) arise through unstable 
crude oil supplies and would be more likely to occur under the No Action Alternative, as compared to the 
proposed Project, since crude oil supplies would continue to be sought from unstable foreign sources and 
transported over longer distances in the near term.  Oil shocks reduce the amount of goods and services 
the U.S. can produce given a fixed amount of other inputs and cause some inputs (e.g., land, labor, and 
capital) to be under-utilized.  In contrast, projects which stabilize crude oil supply through diversification 
and increased access to politically stable regions, such as the proposed Project, benefit the U.S. economy. 

Under the No Action Alternative, in the near term positive socioeconomic impacts associated with 
construction and operation of the Project would not be realized along the proposed route and elsewhere in 
the U.S.  No annual property tax revenues would be generated, as opposed to an estimated $138.4 million 
in annual property tax revenues that would be generated by the proposed Project in the region of 
influence.  The generation of local employment as well as substantial expenditures on goods and services 
would also not occur under the No Action Alternative.  However, if an alternative pipeline is constructed 
at some later date, socioeconomic benefits would be realized as a result of construction and operation of 
that alternative at that time. 

GHG emissions associated with the proposed Project would not occur under the No Action Alternative, 
but GHG emissions would result from implementation of any alternative transportation network.  EnSys 
(2010) employed both its World Oil Refining Logistics & Demand (WORLD) model and the DOE 
Energy Technologies Perspective (ETP) model to analyze effects of different transportation scenarios for 
the delivery of WCSB crude oil to world markets, including a scenario that equates to the No Action 
Alternative.  The EnSys results indicated that with or without the proposed Project, there would be no 
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substantial change in total U.S. refining activity, total crude and product import volumes and costs, 
development rate in the oil sands, global refinery CO2 emissions, and total life-cycle GHG emissions.  
However, the No Action Alternative, combined with a freeze of transport capacity for WCSB crudes at 
existing levels for 20 years, could lead to a reduction in WCSB oil sands production in the 2025 to2030 
timeframe (EnSys 2010). 

Construction of new pipelines, modification of existing ports, and/or the construction of new ports would 
produce environmental impacts within Canada or in the U.S. that would be similar in nature to those of 
the proposed Project in terrestrial environments.  Port projects would also include construction impacts to 
marine environments and operational impacts associated with the handling and transport of crude oils in 
marine environments.  In addition, the transport of crude oil by tanker would result in more GHG 
emissions than would transportation of crude oil by pipeline to the U.S.   

4.1.3 Use of Alternative Energy Sources and Energy Conservation 

Many commenters suggested that the use of alternative sources of energy and conservation of energy 
would either (1) eliminate the need for the proposed Project or alternatives to the proposed Project, or (2) 
reduce the market need for heavy crude oil to the extent that smaller scale projects could meet short- and 
long-term energy needs.  The market demand for crude oil, including the market demand for heavy crude 
oil by refineries in PADD III, is driven primarily by the demand for transportation fuels.  Based on EIA 
(2010a, 2010b) statistics, approximately 78 percent of the refined product produced by PADD III 
refineries in 2009 was used for transportation fuel.  The percentages of total production from PADD III 
refineries in 2009 for transportation uses in the EIA statistics are listed below:  

• Finished motor gasoline – 42.9 percent;  

• Distillate fuel oil – 24.9 percent (distillate production for all uses was 28 percent of total refinery 
production.  Distillate fuel oil for transportation only was 89 percent of total distillate production, 
or 24.9 percent of total production); 

• Kerosene-type jet fuel – 9.3 percent; 

• Residual fuel oil – 1.0 percent (residual production for all uses was 4.1 percent of total refinery 
production.  Residual fuel oil for transportation only was approximately 25 percent of total 
residual fuel production, or approximately 1.0 percent of total production); and  

• Finished aviation gasoline – 0.1 percent.  

The remaining 22 percent of PADD III refinery production in 2009 consisted primarily of specialized 
products (e.g., liquefied refinery gases, kerosene, and naphtha for feedstock).  

The remainder of this section addresses (1) how the use of alternative fuels and energy conservation 
would affect market demand for refined products sold by PADD III refineries, and therefore the effect on 
market demand for crude oil by those refineries, and (2) whether or not the use of alternative fuels and 
energy conservation would result in a sufficient reduction of market demand for crude oil in PADD III to 
justify selection of the No Action Alternative as the preferred alternative.  Although most refined products 
sold by PADD III refineries are used in transportation, the assessment of the impact of using alternative 
fuels and energy conservation was also addressed for refined products that are not used for transportation.  
Alternative fuels and energy conservation are addressed in the following subsections: 

• Use of Alternative Fuels and Energy Conservation in Transportation (Section 4.1.3.1); 
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• Use of Alternative Energy Sources in Place of Distillate Fuel Oil for Non-Transportation Uses 
(Section 4.1.3.2); 

• Use of Alternative Energy Sources in Place of Residual Fuel Oil for Non-Transportation-Related 
Uses (Section 4.1.3.3); and 

• Use of Alternative Energy Sources in Place of Other Non-Transportation-Related Refined 
Products (Section 4.1.3.4). 

4.1.3.1 Use of Alternative Fuel and Energy Conservation in Transportation 

Worldwide demand for crude oil is generally projected to grow over the next 25 years unless countries, 
including developing economies where the majority of the growth is projected to occur, take substantial 
steps to address climate change.  But even if there is a worldwide decline in crude oil consumption, 
projections indicate that there will be an increase in consumption of crude oil from unconventional 
sources, primarily from the Canadian oil sands, over the next several decades.  In the United States, the 
overall demand for crude oil is projected to remain relatively flat over the next 25 years (EIA 2010a).  
However, IEA (2010) projected that if policies and legislation were adopted to more aggressively respond 
to climate change in the United States by promoting fuel efficiency, electrification of motor vehicles, 
and/or alternative fuels, there could be a substantial reduction in demand for crude oil in the coming 
decades. 

In general, commenters raised two general questions relevant to the No Action Alternative and adoption 
of policies that would address climate change by reducing demand for crude oil:   

• Would a reduction in U.S. demand for crude oil eliminate the need for the proposed Project; and  

• Would proceeding with the proposed Project alter market conditions such that there would be less 
rapid adoption of fuel efficiency, alternate fuels, or other measures that would reduce the demand 
for crude oil?26   

Outlooks for world and U.S. demand for crude oil indicate that even if there were a substantial reduction 
in U.S. consumption of crude oil (and/or relatively flat world-wide consumption), the market demand in 
PADD III that is driving the development of the proposed Project would likely remain.  Also, as 
explained below, it does not appear that the proposed Project would have enough of an impact on refined 
fuel prices to alter the market incentives for more wide-spread adoption of fuel efficient vehicles, or 
deployment of alternate fuels (including vehicle electrification). 

In early 2010, EPA prepared a report examining technically feasible measures that could reduce 
consumption of crude oil that is refined to produce transportation fuel (EPA 2010).  The EPA study 
looked at two scenarios, which were informally characterized as somewhat aggressive and very 
aggressive, in attempting to reduce vehicle energy consumption and tailpipe emissions.  In that report, 
EPA stated the following:  
 

“[The scenarios] do not reflect the entire range of possible outcomes, but rather, a set of outcomes 
that could occur, based on technical feasibility, if effective policy or market drivers were in place.”  
 

                                                 
26 Commenters also expressed concern about the potential effect that implementation of the proposed Project would 
have on adoption of policies to reduce crude oil demand.  It is too speculative for NEPA purposes to attempt to 
predict how political factors might result in different policies or legislation being adopted in different scenarios.  
This section focuses on market demand issues related to more definitive factors such as fuel efficiency and alternate 
fuels since there several publicly available studies addressing those economic issues. 
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Among other factors underlying the somewhat aggressive scenario’s assumptions were the following: 

• Market penetration of just over 80 percent for hybrid electric, plug-in hybrid electric, and electric 
vehicles in the new light-duty vehicle sales in 2030; 

• 5 percent annual improvement in GHG emission rates in light-duty vehicles through the 2030 
time period; 

• Current levels of household vehicle utility assumed to be maintained (e.g., range, towing 
capacity, and interior space); 

• 2030 new vehicle fuel economy in light vehicles would be 36 miles per gallon (mpg) for gasoline 
vehicles, 60 mpg for hybrid electric vehicles, 74 mpg for plug-in hybrid electric vehicles, and a 
150-mile range for electric vehicles; 

• 12 percent annual reduction from light duty GHG emissions by 2030 from travel efficiency 
improvements (e.g., speed limit reductions, urban parking restrictions, congestion pricing, and 
eco-driving); 

• For medium- and heavy-duty trucks it includes technology improvements in aerodynamics, tires, 
powertrain, limited adoption of hybrid into medium-duty applications, weight reduction through 
improved materials, and travel efficiency scenarios; and 

• Similar technology improvements in efficiency, powerplant, aerodynamics, and materials for 
aviation, rail, and marine sectors. 

EPA (2010) reported that implementation of the above measures could result in a reduction in demand for 
crude oil in the United States of 4 million bpd as compared to  the projected demand in the EIA AEO by 
2030.  The findings of this EPA report were relied upon to construct the low-demand outlook modeled in 
the EnSys (2010) report.  The results of the economic modeling were that the low-demand outlook had 
little impact on the projected demand for oil sands crudes in the U.S. and little impact on the total 
production from oil sands throughout the study timeframe.  In the AEO demand outlook, total production 
in the oil sands was projected to be approximately 4.42 million bpd in 2030, and with the low-demand 
outlook, the production was projected to be approximately 4.23 million bpd in 2030. 
 
IEA (2010) also addressed energy demand and production in three world-wide policy scenarios:    

• The Current Policies Scenario, which assumed no change from policies in place in mid-2010;  

• The New Policies Scenario, which assumed that countries act on their announced policy 
commitments and plans to address climate change; and  

• The 450 Scenario, which sets out a scenario consistent with the goal to limit climate change to 2 
ºC  over pre-industrial levels, which equates to stabilizing GHG CO2-equivalent emissions at 450 
ppm.   

The impact of the three policy scenarios on world-wide crude oil consumption in 2035 is substantial.  
Compared to the world-wide total oil production (crude oil, natural gas liquids and unconventional oil) of 
83.3 million bpd in 2009, IEA projected the following levels of consumption in 2035:  

• Current Policies Scenario – 107.4 million bpd;  

• New Policies Scenario – 99 million bpd; and  

• 450 Scenario – 81 million bpd.   
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The policy scenarios also have a substantial impact on projected consumption of oil-sands-derived crude 
oil in 2035:   

• Current Policies Scenario – 4.6 million bpd;  

• New Policies Scenario 4.2 million bpd; and  

• 450 Scenario – 3.3 million bpd.   

The projected 2035 consumption in each of these scenarios represents a substantial increase from 2009 
consumption of approximately 1.3 million bpd oil-sands-derived crude oil.  The difference in 
consumption of the oil-sands-derived crude oil  among the different scenarios is largely attributable to the 
differing world oil price in each scenario (the 450 Scenario’s substantially reduced demand for crude oil 
would result in reduced world oil prices), and the additional expense attributed to the oil sands projects 
that would be necessary to mitigate their relatively higher greenhouse gas emissions (IEA assumed carbon 
price of $60 per ton in the New Policies Scenario and $120 per ton in the 450 Scenario).  If oil-sands 
production is reduced to approximately 3.3 million bpd, then existing transboundary pipelines could 
accommodate import of that volume of oil-sands-derived crude oil into the U.S.  However, that crude oil 
would not reach the refineries in PADD III. 

Based on the outcomes of the EnSys (2010) report and the analyses of policies and market-drivers that 
would lead to a reduction in the volume of crude oil refined to produce transportation fuel, it appears 
highly unlikely that the proposed Project would have enough of an impact on the prices of refined fuel to 
impact market drivers related to wider adoption of alternative fuels or more energy efficient vehicles.  In a 
recent report examining economic implications of different policies to reduce CO2 emissions or petroleum 
imports, Ross Morrow et al. (2010) stated:  

“A fundamental insight from this study is that if one wishes to reduce U.S. CO2 emissions or net 
petroleum imports from the transportation sector, the costs of driving must be significantly higher 
than they currently are today. Increasing the cost of driving with higher fuel costs (or other 
operating fees) will be required to motivate deployment of fuel economy improving technologies 
in conventional vehicles, accelerate penetration of high-fuel economy vehicles into the existing 
fleet, and reduce vehicle-miles traveled.”   

 
Two of the scenarios examined in Ross Morrow et al. (2010) focused on policies that would directly 
increase the cost of transport fuels.  One scenario included carbon pricing in a cap-and-trade plan, which 
lead to a projected increase of $0.24 in the cost per gallon in 2020 and an increase of $0.46 per gallon in 
2030.  The second scenario included a direct fuel tax, which led to projected increases to the cost of 
gasoline of $1.42 per gallon in 2020 and $3.27 per gallon in 2030.  The analysis considered how fuel 
price influenced increases in fuel efficiency (through increased purchases of more fuel efficient vehicles, 
hybrid vehicles, and electric vehicles) and reducing the projected increases in vehicle miles traveled.  The 
report concluded that the carbon tax scenario had a marginal impact on GHG emissions from 
transportation.  Imposing the transportation tax on fuel stimulated slightly larger improvements in fuel 
economy of new conventional vehicles than were projected to be achieved through imposition of only 
CAFÉ standards. In contrast, the EnSys (2010) analysis stated the following:   

“within each demand outlook, U.S. total [refined] product supply costs are insensitive to pipeline 
scenario, varying by less than 0.1% in any scenario where normal pipeline expansion is allowed.”  

 
The scenarios that included the proposed Project resulted in small reductions in product supply costs in 
PADD III (less than $0.10 per barrel), that would amount to approximately a ¼-cent impact on the price 
of a gallon of gasoline.  The scenario with the largest variation in refined product supply costs was the No 
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Expansion Scenario, which led to a 0.6 percent reduction in costs of total refined products in 2030 versus 
the scenario for the proposed Project because of the artificial discount in crude oil prices obtained from 
the shut-in of WCSB crude oil supply.  Finally, the EnSys analysis found that the import to or export from 
the United States of refined products was not sensitive to the seven pipeline scenarios considered. 

It is reasonable to infer based on the EnSys (2010) results, when viewed in combination with the results 
from the Ross Morrow et al. (2010) study, that the proposed Project’s likely impact on finished 
transportation fuel prices would not be large enough to influence market behavior in development of more 
fuel efficient vehicles, alternative transportation fuels (including electrification of the vehicle fleet), or 
total vehicle miles traveled.  The Ross Morrow et al. (2010) report concluded that increases in gasoline 
prices that would be orders of magnitude greater than likely price impacts of the proposed Project (a 
$0.42 increase in the cost of a gallon of gasoline in 2030 in the carbon tax scenario) and would only 
reduce light duty fuel efficiency and light duty total vehicle miles traveled by approximately 1 percent in 
2030. 

The above factors indicate that even if the United States, or countries around the world, adopt policies 
that would reduce the consumption of crude oil, there is likely to be a market demand for substantial 
increases in the volume in crude oil derived from the oil sands over the next 20 to 25 years.  In addition, 
for all scenarios examined in the EnSys (2010) report, the total throughputs of oil-sands-derived crude oil 
at PADD III refineries was actually higher in the low-demand outlook than in the AEO outlook.  This is 
because in the low-demand outlook, the reduction in demand for refined transportation fuels in PADD II 
leads to less oil-sands-derived crude oil being refined there.  There would also be a reduction in demand 
for refined transportation fuels from PADD III refineries, but the volume of oil-sands-derived crude oil 
that would have been refined in PADD II would be rerouted to PADD III and would displace imports 
from other countries.   

For these reasons, use of alternative energy sources and energy conservation in meeting needs for 
transportation fuel are not considered an alternative to the proposed Project.   

4.1.3.2 Use of Alternative Energy Sources and Conservation in Place of Distillate Fuel 
Oil for Non-Transportation-Related Uses 

Non-transportation uses of distillate fuel oil include space heating and electrical power generation, and 
represented approximately 3.1 percent of the production of PADD III refineries in 2009 (EIA 2010a, 
2010b).  The distillate fuel oil was sold for use in the following categories listed by EIA (2010b): 

• “Oil company”;  

• Industrial use;  

• Commercial; 

• Electrical power; and 

• Residential. 

For the “oil company” category, it is likely that the distillate fuel oil was used primarily for heating 
purposes.  As a result, natural gas would be a likely alternative fuel in most cases and it is possible that in 
the future, many facilities could be retrofitted to accommodate natural gas as a replacement fuel.  This 
category accounted for about 0.2 percent of the total refinery output of PADD III refineries.  Commercial 
and industrial use categories were also most likely used primarily for heating purposes.  These two 
categories combined constituted approximately 0.2 percent of the total refinery production from PADD 
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III.  Distillate fuel oil in the residential category would likely be exclusively used for heating, and 
represents about 0.001 percent of the total production from PADD III refineries.  

For each of these categories, both natural gas and biofuels (e.g., fuel from municipal solid wastes, wood, 
and other biomass [e.g., biodiesel from cooking oil]) are potential alternative fuels for heating purposes.  
However, conversion of heating units to burn natural gas or biofuels would require substantial 
investments by the users and it is unlikely that a majority of users would convert their heating units in the 
near term.  In any case, the total volume of distillate fuel oil used for heating was only about 0.4 percent 
of the total PADD III refinery output in 2009.  Assuming complete replacement of the distillate fuel oil 
used for heating by alternative fuels, there would be only a negligible reduction in the market demand for 
crude oil used by PADD III refineries.  Similarly, conservation of energy for heating purposes would 
result in only negligible decreases in refinery output and would have very little effect on the crude oil 
needs of PADD III refineries. 

The use of distillate fuel oil produced by PADD III refineries for the generation of electrical power 
represents about 0.01 percent of the total output of PADD III refineries.  Electrical generation currently 
fueled by residual fuel from PADD III refineries could be generated in a variety of other ways, including 
natural gas-fired generators, wind farms, solar panels, tidal projects, hydroelectric projects, geothermal 
sources, nuclear power plants, and energy or fuel from municipal solid wastes, wood, and other biomass.  
However, use of non-transportation-related residual fuel for electrical power generation in 2009 was a 
negligible portion of the total output of PADD III refineries.  With a complete replacement of this 
distillate fuel oil by alternative fuels to generate electrical power there would therefore be a negligible 
reduction in the crude oil market demand of PADD III refineries and there would be essentially no effect 
on the current and future crude oil needs of those refineries.   

4.1.3.3 Use of Alternative Energy Sources in Place of Residual Fuel Oil for Non-
Transportation-Related Uses 

Residual fuel oil is used for the production of electric power, space heating, marine transportation, and 
various industrial purposes.  Approximately 3.1 percent of total PADD III refinery production was used 
for electrical power generation, heating, and industrial uses (EIA 2010a, 2010b).  The amount of fuel 
required for those uses could be reduced with conservation, and for some uses, alternative fuels could 
replace the residual fuel oil.  However, as for distillate fuel oil, the actual volume represents a small 
portion of the total production of PADD III refineries and the use of alternative fuels and conservation 
would have a negligible effect on the market demand for crude oil in PADD III. 

4.1.3.4 Use of Alternative Energy Sources in Place of Other Non-Transportation-
Related Refined Products 

As noted above, approximately 78 percent of the output of refineries in PADD II in 2009 was used for 
transportation purposes.  The remaining 22 percent of PADD III refinery production consisted primarily 
of specialized products, including liquefied refinery gases, kerosene, naphtha for feedstock, other oils for 
feedstock, special naphtha products, lubricants, waxes, petroleum coke, asphalt and road oil, still gas, and 
miscellaneous products.  The three largest production streams as a percentage of total production were the 
following: 

• Petroleum coke (5.9 percent) – grades of coke produced in delayed or fluid cokers that may be 
recovered as relatively pure carbon; 

• Liquefied refinery gases (5.2 percent) – this includes ethane/ethylene, propane/propylene, normal 
butane/butylene, and isobutane/isobutylene; and  
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• Still gas (4.6 percent) – still gas is used as a refinery fuel and a petrochemical feedstock. 

These three categories accounted for nearly 16 percent of total PADD III production.  For the most part, 
these three specialty products (as well the other specialty products produced by PADD III refineries) 
cannot be produced using alternative fuels and have not been further considered in this assessment of 
alternative energy sources.  It is possible that conservation could reduce the need for some of these 
products (e.g., liquefied refinery gases) but that reduction in use would result in a negligible decrease in 
the market demand for crude oil in PADD III.     

4.1.4 Summary 

PADD III refineries currently import approximately 5.1 million bpd of crude oil, including 2.9 million 
bpd of heavy crude oil (EnSys 2010), the majority of which comes from Mexico, Venezuela, Saudi 
Arabia, and Nigeria.  As reported by EnSys (2010), the demand for crude oil in PADD III is projected to 
increase and PADD III refinery runs are projected to grow over the next 10 years, even under the low 
demand outlook.  At the same time, three of the four major PADD III crude oil suppliers currently face 
declining or uncertain production horizons (EnSys 2010).  As a result, the market demand in PADD III 
for heavy crude oil from alternative sources is expected to increase in both the near term and further into 
the future.  Implementation of the No Action Alternative would not meet this need for heavy crude oil in 
PADD III, unless a system alternative went forward to connect PADD II to PADD III or to directly 
transport WCSB crude oil to PADD III.  Such alternatives would likely not receive regulatory approval 
prior to the proposed Project. 

If the proposed Project, a similar pipeline system, or another transport mode is not constructed to 
transport WCSB crude oil to PADD III refineries, those refineries would be forced to rely on oil shipped 
by barge or tanker from areas outside of North America from regions which are experiencing declining 
production or are not secure and reliable sources of crude oil.  As a result, in the near term, PADD III 
would continue to be dependent on less reliable and less stable foreign oil supplies from the Middle East, 
Africa, Mexico, and South America. 

EnSys (2010) also projected that there would be no substantial change in total U.S. refining activity, total 
crude and product import volumes and costs, or global refinery CO2 and total life-cycle GHG emissions  
whether or not the proposed Project is implemented.  Additionally, EnSys (2010) determined that with 
implementation of the No Action Alternative, the production of crude oil from the Canadian oil sands 
projects would not be affected and that production would continue at current or higher levels through 
2030 unless no other pipeline system or other projects were implemented to transport crude oil from the 
oil sands projects, an outcome that EnSys considered unlikely.   

Under the No Action Alternative, crude oil from the WCSB would not have a ready conduit for export to 
available refineries and markets in PADD III, and it is therefore likely that alternative transportation 
systems to move oil to other markets would emerge.  Crude oil would be transported by other proposed, 
planned, or existing pipelines or by alternative transportation methods (such as railroad tank cars, barges, 
or crude oil tankers) to markets in the global marketplace (these system alternatives are discussed in 
greater detail in Section 4.2).  Several projects have been proposed or are planned to transport WCSB 
crude oil from the oil sands projects to ports in Canada and in the northwestern and northeastern U.S.  
Although it is not possible to identify the specific impacts of such projects, it is likely that the impacts of 
other pipeline projects would be similar in nature to those of the proposed Project.  The extent and 
magnitude of the impacts would likely be different from project to project and would depend on the 
environmental conditions along the proposed routes.  In addition, the transport of crude oil by tanker 
rather than by pipeline would likely result in greater transportation-related GHG emissions.  Under the No 
Action Alternative, the near-term positive socioeconomic impacts associated with construction and 
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operation of the Project would not be realized along the proposed route and elsewhere in the U.S.  No 
annual property tax revenues would be generated, as opposed to an estimated $138.4 million in annual 
property tax revenues that would be generated by the proposed Project in the region of influence.  The 
generation of local employment as well as substantial expenditures on goods and services would also not 
occur under the No Action Alternative.  However, if an alternative pipeline is constructed in the future, 
socioeconomic benefits would be realized as a result of construction and operation of that alternative. 

Under the No Action Alternative, improved fuel efficiency and broader adoption of alternative fuels 
would not likely substantially alter the demand for WCSB heavy crude oil at PADD III refineries for the 
production of transportation fuels.  Other energy sources could potentially replace the energy derived 
from non-transportation-related uses of PADD III refinery output.  However, the non-transportation uses 
of PADD III refinery output represent a very small percentage of total PADD III refinery output.  
Therefore, the No Action Alternative would have little effect on overall demand for refinery products that 
are currently sold by PADD III refineries for non-transportation uses.   

As a result of these considerations, DOS does not regard the No Action Alternative to be preferable to the 
proposed Project. 

4.2 SYSTEM ALTERNATIVES 

System alternatives to the proposed Project would make use of other existing, modified, proposed or 
planned pipeline systems, or other transportation systems to meet the purpose of and need for the 
proposed Project.  With implementation of a system alternative to meet the objectives of the Project, the 
Project would not be constructed and the impacts described in this EIS would not occur.  However, as 
noted below, there would be environmental impacts associated with any system alternative that would 
meet the purpose and need of the proposed Project.  Each system alternative considered was screened for 
its potential environmental effects versus similar environmental effects for the proposed Project, technical 
and economic practicability, and the ability to meet the purpose of and need for the proposed Project. 

The system alternatives screened include the following: 

• Use of Existing or Expanded Pipeline Systems (Section 4.2.1);  

• Use of Other Proposed or Planned Pipeline Systems (Section 4.2.2); and 

• Alternative Modes of Transportation (Section 4.2.3). 

4.2.1 Use of Existing or Expanded Pipeline Systems 

Four existing pipeline systems were considered as potential system alternatives.  Those systems are 
described and assessed in the following sections: 

• ExxonMobil Pegasus Pipeline (Section 4.2.1.1);  

• Express-Platte Pipeline System (Section 4.2.1.2);  

• Keystone Oil Pipeline Project (Section 4.2.1.3); and  

• Alberta Clipper Pipeline Project (Section 4.2.1.4). 
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4.2.1.1 ExxonMobil Pegasus Pipeline 

There is currently only one pipeline system that extends from the Midwest to the Gulf region: the 
ExxonMobil Pegasus Pipeline.  That system currently transports up to 96,000 bpd of Canadian crude oil 
from Patoka, Illinois to Nederland, Texas.  As described in Section 1.1 the proposed Project would 
initially transport approximately 535,000 bpd of crude oil to the Cushing tank farm and to delivery points 
in Texas.  Therefore, the Pegasus pipeline would not be capable of delivering the proposed Project’s 
WCSB crude oil volume even if used to full capacity, particularly since most of its capacity is already 
dedicated to crude oil transport from PADD II to PADD III.  Delivering the volumes contracted to the 
proposed Project would require a substantial expansion of the Pegasus pipeline. Any future expansion of 
the Pegasus pipeline system would result in impacts along the 835-mile-long route between Patoka and 
Nederland that would be broadly similar to those of the proposed Project, albeit over a shorter total 
distance.   

In summary, the existing Pegasus pipeline cannot be used to meet the proposed Project’s objectives in the 
near term and there are no announced plans to expand the pipeline.  Therefore, the Pegasus Pipeline was 
not further considered as a system alternative to the proposed Project.   

4.2.1.2 Express-Platte Pipeline System 

The Express-Platte Pipeline System is a 1,700-mile-long oil transportation network that connects 
Canadian and U.S. producers to refineries in the Rocky Mountain and Midwest regions of the U.S.  The 
system consists of two crude oil pipelines – the Express Pipeline and the Platte Pipeline.  The Express 
Pipeline transports a variety of light, medium, and heavy crude oil from Hardisty to markets in Montana, 
Wyoming, Utah, and Colorado, and has a capacity of 280,000 bpd.  The Express Pipeline connects to the 
Platte Pipeline system at Casper, Wyoming.  The Platte system transports crude oil from Casper to Wood 
River, Illinois and has a capacity of 164,000 bpd from Casper to Guernsey, Wyoming.  From Guernsey to 
Wood River, the system has a capacity of 145,000 bpd.  

The Express-Platte Pipeline System originates in Hardisty, as would the proposed Project, and passes 
close to the northern end of the Cushing Extension (near Steele City, Nebraska).  However, the Express 
system has firm commitments for 235,000 bpd that will not expire until 2012 and 2015 and would 
therefore not have sufficient capacity to meet the market demand to which the proposed Project is 
responding without a major expansion of the system.  In addition, to meet the market demand for heavy 
crude oil at PADD III refineries and to the Cushing area, use of the Express-Platte Pipeline System as a 
system alternative would require either (1) a short pipeline to connect to the northern end of the Cushing 
Extension along with a new pipeline to the Gulf Coast that would likely be similar to the proposed Gulf 
Coast Segment of the proposed Project, or (2) a new pipeline from the existing Express-Platte pipeline to 
the Gulf Coast.  Either expansion alternative would result in environmental impacts from the northern end 
of the Cushing Extension to the Gulf Coast delivery points that would be broadly similar to or greater 
than the Gulf Coast Segment of the proposed Project.   

In summary, the existing Express-Platte pipeline cannot be used to meet the proposed Project’s objectives 
in the near term, and expansion of the system to meet the capacity requirements of the proposed Project 
would not be environmentally preferable to construction and operation of the proposed Project.  
Therefore, the Express-Platte Pipeline System was not further considered as a system alternative to the 
proposed Project. 
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4.2.1.3 Keystone Oil Pipeline Project 

The Keystone Oil Pipeline Project extends from the U.S. border in North Dakota to Patoka, Illinois; it 
also includes the Cushing Extension which extends from Steele City, Nebraska to Cushing, Oklahoma.  It 
currently has the capacity to transport 435,000 bpd of WCSB crude from Canada to refineries in PADD 
II.  On December 22, 2010, Argus.com (2010) reported that the existing Keystone Oil Pipeline was 
transporting approximately 250,000 bpd of crude oil.   

Keystone has firm contracts to transport 380,000 bpd on the proposed Project and intends to also transport 
155,000 bpd of crude oil on the proposed Project to Cushing, Oklahoma that was originally contracted for 
transport on the existing Keystone Oil Pipeline for a total initial throughput of 535,000 bpd.  For the 
existing Keystone Pipeline to serve as a system alternative to the proposed Project, it would first need to 
accommodate its current obligations to ship 155,000 bpd to the existing Cushing terminal and 340,000 
bpd to Wood River and Patoka, Illinois, or a total current commitment to ship 495,000 bpd.  The excess 
capacity of the Keystone Pipeline based on these commitments is 96,000 bpd.  The Keystone Pipeline 
does not have the capacity to transport the additional crude oil currently contracted on the proposed 
Project, and therefore this potential system alternative could not meet the proposed Project objectives 
without a major expansion in both Canada and the U.S.  In addition to the expansion of existing facilities, 
it would be necessary to construct a pipeline from Cushing to the Gulf Coast area of PADD III that would 
be essentially the same as the Gulf Coast Segment of the proposed Project.  The overall expansion would 
result in environmental impacts that would be similar to those of the proposed Project, and would require 
federal permits in both Canada and the U.S. as well as applicable provincial, state, and local permits.   

In summary, the existing Keystone Oil Pipeline cannot be used to meet the proposed Project’s objectives 
in the near term, and due to the overall system expansion required, it would not offer an overall 
environmental advantage over the proposed Project.  Therefore, the existing Keystone Oil Pipeline was 
not further considered as a system alternative to the proposed Project27. 

4.2.1.4 Alberta Clipper Pipeline Project 

Commenters on the draft EIS have suggested that Enbridge’s Alberta Clipper Pipeline Project could be 
used to transport crude oil from Hardisty to Cushing.  The Alberta Clipper Pipeline extends from Hardisty 
to Superior, Wisconsin and has the current capacity to deliver an average of 450,000 bpd of crude oil 
from a supply hub near Hardisty to an existing terminal in Superior with a potential maximum capacity of 
800,000 bpd assuming additional pumping capacity is added at appropriate locations along the pipeline 
corridor.  During the NEB hearings on the proposed Project, Enbridge made public its position that 
Keystone could establish a connection to the Alberta Clipper Pipeline near Gretna, Manitoba, construct a 
pipeline adjacent to the existing Keystone Oil Pipeline to the Cushing Extension, and construct a new 
pipeline from the southern end of the Cushing Extension to PADD III delivery points.  However, during 
the NEB hearings, Enbridge did not indicate what capacity it would make available to Keystone on its 
pipeline.  To meet flow requirements of the proposed Project, the Alberta Clipper Pipeline would have to 
be expanded in Canada which would result in additional impacts from the U.S./Canada border to 
Hardisty.  Keystone has stated that the concept introduced by Enbridge at the NEB hearings would 
require commercial negotiation of acceptable terms and conditions among Keystone, Enbridge and its 
stakeholders, and shippers on the proposed Project.  Keystone and Enbridge discussed the concept further 
in March 2009 at a meeting arranged by CAPP.  Minutes of the meeting were filed as part of the NEB 
record.  As a result of that meeting, Keystone identified business issues of concern and requested a 
proposal from Enbridge to resolve those issues but did not receive a response.  The NEB did not pursue 

                                                 
27 An alternative route that would parallel the existing Keystone Oil Pipeline Project in the U.S. is addressed in 
Section 4.3.3.4. 
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this alternative to the proposed Project beyond limited questioning by the members of the NEB and its 
staff. 

This potential system alternative would require expansion of existing infrastructure and would produce 
impacts in Canada and the U.S. similar to those for the Keystone Oil Pipeline system alternative described 
in Section 4.2.1.3.  Additionally, it is not clear that the initial committed flow volumes (535,000 bpd) of 
the proposed Project could be accommodated by this system alternative due to the contractual issues 
described above even if the Alberta Clipper system was expanded to its maximum capacity of 800,000 
bpd.  As a result, the Alberta Clipper Pipeline Project was not considered further as a reasonable system 
alternative for the proposed Project.   

4.2.2 Use of Other Proposed or Planned Pipeline Systems  

Other new pipeline system alternatives have been proposed or planned by proponents that if successfully 
designed, permitted, and constructed could transport crude oil from the oil sands of the WCSB to the 
PADD III market, either via a direct link from the WCSB to PADD III, or by interconnecting to existing 
pipeline systems that transport WCSB crude oil into PADD II.  For a potential new pipeline system to be 
considered a viable alternative to the Project, it must meet the purpose of and need for the Project as 
described in Section 1.2.  

The proponents of five of the potential system alternatives described below initially announced 
conceptual plans for the projects and then either abandoned the plans or put them on hold.  None of those 
proponents have established commercial commitments through open seasons and have not submitted 
permit applications as of this writing.  Although at this time the possibility of the future development of 
those projects is speculative, they are described below and assessed relative to their potential to meet the 
proposed Project’s objectives.  The sixth project considered, the Enbridge Monarch Pipeline, is in the 
early planning stage.   

The seven potential pipeline system alternatives considered are described in the following sections: 

• Altex Pipeline System (Section 4.2.2.1); 

• Chinook-Maple Leaf Pipeline System (Section 4.2.2.2); 

• Texas Access Pipeline (Section 4.2.2.3);  

• Enbridge Trailbreaker Project (Section 4.2.2.4);  

• Enbridge-BP Delivery System (Section 4.2.2.5);  

• Enbridge Monarch Pipeline (Section 4.2.2.6); and  

• Seaway Pipeline (Section 4.2.2.7). 

4.2.2.1 Altex Pipeline System  

Plans for the Altex (Alberta-Texas) Pipeline System were initially announced in 2005 by the Calgary-
based energy infrastructure-development company, Altex Energy Ltd.  The planned Altex Pipeline 
System included a 2,360-mile-long greenfield pipeline system that would originate north of Fort 
McMurray, Canada, extend to the Redwater-Fort Saskatchewan area, and from there to Hardisty, Alberta.  
From Hardisty south it would cross the U.S./Canada border in Montana and extend southeast through 
Montana, Wyoming, South Dakota, Nebraska, Kansas, Oklahoma, and Texas to the Port Arthur area.  As 
initially planned, service would start no sooner than 2013, with a proposed initial crude oil capacity of 
425,000 bpd.  In 2008, Altex determined that the project as planned was not economically viable and 
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therefore did not pursue it further.  Thus, there has not been an open season, shipper commitments, or an 
application for a Presidential Permit or other permits in the U.S. and the planned Altex Pipeline System 
was not considered further as a system alternative to the proposed Project.   

After determining that the Altex Pipeline System would not be viable in the near term, Altex concluded 
that it could develop an interim transportation system that would be financially acceptable during the 
period that oil sands production increased to the point of making the Altex Pipeline System economically 
viable.  As stated by Altex, the plan would involve transporting bitumen by rail to virtually any market 
within North America.  In 2008, the Canadian National Railway and Altex developed a conceptual plan to 
accomplish transport of bitumen, not crude oil (termed PipelineOnRailTM

).   

Altex has negotiated long-term rail rates with Canadian National and is offering transportation services in 
Canada to bitumen producers at rates less than the cost of their pipeline transportation alternatives.  To 
support shippers’ needs, Altex stated that it intends to construct terminals near Peace River, Ft. 
McMurrary, and possibly Ft. Saskatchewan, Alberta.  The use of rail as an alternate mode of 
transportation is addressed in Section 4.2.3.2 (Railroad Tank Car Transport). 

4.2.2.2 Chinook-Maple Leaf Pipeline System 

The Chinook-Maple Leaf Pipeline System was a conceptual project originally considered by Kinder 
Morgan and TEPPCO (now merged with Enterprise Products Partners, LP).  This 2,050-mile-long 
pipeline system would originate near Hardisty, Alberta and cross the U.S./Canada border from Alberta 
into Montana.  It would then traverse Montana, Wyoming, Colorado, Kansas, Oklahoma, and Texas to 
deliver crude oil to the Houston area.  The northern portion of the route would be adjacent to the existing 
Kinder Morgan Express Pipeline.   

The Chinook-Maple Leaf system was planned to have a capacity of 440,000 bpd between Hardisty and 
Cushing (Chinook Pipeline), and 550,000 bpd between Cushing and Houston (Maple Leaf Pipeline).  If 
this system were not fully subscribed it could transport a portion of the oil planned for transport in the 
proposed Project; however, it would not have the capacity to meet the market demand to which the 
proposed Project is responding (firm contracts to deliver 535,000 bpd across the border, with 155,000 bpd 
delivered to Cushing and 380,000 bpd delivered to the Gulf Coast).  

The proponents initially indicated a planned in-service date of late 2011 or early 2012 (CAPP 2008). 
However, at the time this EIS was prepared the proponents had not announced an open season or shipper 
commitments or applied for a Presidential Permit or other permits in the U.S.  In addition, neither 
company lists the Chinook-Maple Leaf Pipeline System as a potential future project.  Therefore, the 
Chinook-Maple Leaf Pipeline System was not considered further as a system alternative to the proposed 
Project.   

4.2.2.3 Texas Access Pipeline  

In December 2007, Enbridge and ExxonMobil Pipeline Company announced plans for a new pipeline 
system that would transport crude oil from Patoka, Illinois to the Texas Gulf Coast.  The proponents 
indicated that the crude oil transported in the Texas Access Pipeline from Patoka would originate in the 
Canadian oil sands region of Alberta.  The conceptual plan included a 738-mile-long, 30-inch-diameter 
pipeline that would transport the oil from Patoka to refineries in Nederland, Texas, and an 88-mile-long, 
24-inch-diameter pipeline that would transport crude oil from Nederland to a delivery point in an area east 
of Houston.  The initial capacity of the Patoka-to-Nederland segment of the pipeline would be 445,000 
bpd, and the initial capacity of the Nederland-to-Houston segment would be 169,000 bpd.  If this system 
were not fully subscribed it could transport a portion of the oil planned for transport in the proposed 
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Project.  However, it would not have the capacity to meet the market demand to which the proposed 
Project is responding (firm contracts to deliver 535,000 bpd across the border, with 155,000 bpd delivered 
to Cushing and 380,000 bpd delivered to the Gulf Coast) without a major expansion.   

The proponents did not receive sufficient interest in the project from shippers to justify the construction 
costs and the Texas Access Pipeline has not progressed.  In 2008, Enbridge stated that, based on current 
market conditions, the project would not go forward and indicated that “it will likely be required as a 
large-volume solution, probably in the 2014 area.”  Therefore, the Texas Access Pipeline was not 
considered further as a system alternative to the proposed Project.   

4.2.2.4 Enbridge Trailbreaker Project 

In 2008, Enbridge proposed the Trailbreaker Project as an interim option to the Texas Access Pipeline for 
supplying crude oil to PADDs II and III.  As announced, the Trailbreaker Project would involve shipping 
crude oil by pipeline to the northeastern U.S. and transporting crude oil by tanker from there to PADD III 
as early as mid 2010.  The project would have allowed the transport of WCSB oil production to refineries 
in Ontario, Quebec, the Canadian Maritime Provinces, and U.S. markets.  It would have included an 
expansion of the existing Enbridge Line 6B from Chicago, Illinois to Sarnia, Ontario, as well as terminal 
expansions and upgrades, increasing the capacity of existing Enbridge Line 7 between Sarnia and 
Westover, Ontario, and the reversal of the existing Enbridge Line 9 to flow from Sarnia east to Montreal, 
Quebec.  Another component of the project would have been the reversal of the pipeline owned by 
Portland-Montreal Pipe Line (PMPL), which transports product from Portland, Maine to Montreal.  In 
late 2008, PMPL completed an open season to gauge shipper interest in the proposed reversal; however, 
they did not receive the level of firm volume commitments required to proceed at that time.  In January 
2010, Enbridge announced that the Trailbreaker Project was dormant, and the project is no longer 
included in commercial opportunities in investor presentations.  Therefore, the Trailbreaker Project was 
not considered further as a system alternative to the proposed Project.   

4.2.2.5 Enbridge-BP Delivery System 

In 2008, Enbridge and BP announced that they had entered into an agreement to develop the Enbridge-BP 
Delivery System  to transport WCSB heavy crude oil from Flanagan, Illinois, to Houston and Texas City, 
Texas, using a combination of existing facilities, new pipeline, and looped pipeline construction where 
required.  As initially announced, the project would traverse parts of Illinois, Missouri, Kansas, 
Oklahoma, and Texas and would be in service by late 2012 with an initial total system capacity of 
250,000 bpd to the Gulf Coast.  Enbridge and BP intended to use the BP #1 System and other existing 
pipelines north of the Cushing crude oil hub with some new pipeline construction south of Cushing to 
connect to markets in Houston and possibly in Nederland.  From Flanagan (where the system would 
interconnect with the Enbridge Southern Access pipeline) to Cushing the capacity would be 
approximately 140,000 bpd for further transport to Gulf Coast markets.  The remaining 110,000 bpd 
would originate from interconnecting pipelines at Cushing.   

At the NEB hearings for the proposed Project, Enbridge stated that the project is still on the books but is 
suspended.  The project is not listed as a potential opportunity in investor presentations.  Therefore, the 
Enbridge-BP Delivery System was not considered further as a system alternative to the proposed Project.   

4.2.2.6 Enbridge Monarch Pipeline 

In late 2010, Enbridge announced plans for a 24-inch-diameter pipeline that would extend from its oil 
terminal in Cushing to the Gulf Coast.  The pipeline would have an initial capacity of approximately 
150,000 bpd, with the ability to expand to about 350,000 bpd.  The objective of the Monarch Project is to 
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alleviate a bottleneck for light crude oil at Cushing and provide a transportation route from Cushing to the 
Gulf Coast refineries in PADD III.  No further information was available on the project at the time this 
EIS was prepared. 

Although Enbridge has stated that the Monarch Pipeline would transport some heavy crude oil, it is being 
designed and proposed to transport lighter crudes to the Gulf Coast.  Even without the transport of lighter 
crudes, its maximum capacity would not be sufficient to satisfy market demand to which the proposed 
Project is responding (firm contracts to deliver 380,000 bpd to the Gulf Coast).  Finally, it would be 
necessary to construct a pipeline to Cushing to supply the WCSB crude oil.  The impacts of construction 
of that pipeline and construction of the Monarch Pipeline would result in impacts that would be similar in 
nature and extent to those of the proposed Project along the same approximate distance.   

Based on the above considerations, the Enbridge Monarch Pipeline was not further considered as a system 
alternative to the proposed Project. 

4.2.2.7 Seaway Pipeline 

ConocoPhillips owns the 530-mile-long Seaway pipeline system (operated by Enterprise Products 
Partners LP) which transports crude oil from the Houston area to storage facilities at Cushing.  The 
pipeline has a capacity of approximately 350,000 bpd.  The system also supplies crude oil to refineries in 
the Houston area and has a usable storage capacity of 3.4 million barrels.  In 2007, the former operator of 
the pipeline (Teppco Partners, LP) stated it would consider reversing the line to transport crude oil from 
Cushing to PADD III.  However, Bloomberg (2011) stated that ConocoPhillips had decided that it would 
not reverse the pipeline.  As a result, the Seaway pipeline was not further considered as a system 
alternative to the proposed Project.   

4.2.3 Alternative Modes of Transportation 

Three modes of surface transportation of crude oil from the U.S./Canada border near Morgan to Cushing, 
Nederland, and Moore Junction were considered as alternatives to the proposed Project as described in the 
following sections: 

• Truck Transport (Section 4.2.3.1); 

• Railroad Tank Car Transport (Section 4.2.3.2); and  

• Barge and Marine Tanker Transport (Section 4.2.3.3).   

4.2.3.1 Truck Transport 

The transport of crude oil by truck is occasionally done to serve as an interim transportation solution for 
smaller volumes of crude oil or petroleum product.  For example, due to pipeline limitations in the 
Bakken oil field in Montana and North Dakota, a portion of the crude oil produced in that area is currently 
transported by tank truck.  However, transport by truck is not a reasonable alternative to transport the 
volume of oil that would be shipped by the proposed Project.  Large tank trucks have a maximum volume 
of about 9,000 gallons (about 214 barrels).  It would therefore require about 2,500 trucks per day to 
transport the 535,000 bpd that the Project would initially transport.  To sustain a delivery rate of 535,000 
bpd, as many as twice that number of trucks would likely have to be devoted exclusively to traveling to 
and from the border and the delivery points.     

Table 4.2.3-1 summarizes accident statistics by method of transport compiled by Association of Oil Pipe 
Lines (AOPL).  As indicated in the table, transport of oil by pipeline is substantially safer than transport 
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by trucking.  AOPL reported that trucking is 87 times more likely than pipeline transport to result in a 
human fatality.  In similar findings, fire and/or explosions are 35 times more likely when transporting 
crude oil via truck.  Vehicle accidents and accidental releases are also concerns with surface 
transportation crude oil delivery.   The Bureau of Transportation Statistics (2009) reported that the 
transport of hazardous liquids (including crude oil) on highways resulted in five times as many fatalities 
as transportation of hazardous liquids by pipeline between 1975 and 2007.   

TABLE 4.2.3-1 
Reported Incident Rates for Alternative Methods of Liquids Transport 

Method of Transport a Death Fire/Explosion Injury 

Truck 87 35 2 

Rail 3 9 0.1 

Barge 0.2 4 4 

Tank Ship 4 1 3 

Pipeline 1 1 1 

a Relative rates were calculated based on incidents per ton-mile for each transportation mode (AOPL 2004). 

The trucking alternative would add substantial congestion to highways in all states along the route 
selected, particularly at and near the border crossing and in the vicinity of the delivery points.  At those 
locations it is likely that there would be significant impacts to the existing transportation systems.  The 
trucks would consume millions of gallons of fuel per year, with subsequent exhaust emissions (including 
GHG) and other negative environmental effects.  Trucking would likely be subject to interruptions due to 
unfavorable weather and road conditions, especially in Montana and other northern states.  At the Gulf 
Coast delivery points, surface transportation would necessitate substantial new transfer facilities and 
personnel.   

As a result of these considerations, truck transportation was not considered a reasonable alternative to 
meeting the Project objectives and was not further evaluated.   

4.2.3.2 Railroad Tank Car Transport 

As noted in Section 4.2.2.1, Altex and the Canadian National Railway have developed a transportation 
strategy termed PipelineOnRailTM to move oil sands production to markets in North America or Asia.  At 
the end of 2010, the system was shipping approximately 10,000 bpd within Canada from producers whose 
reserves are stranded without pipeline access.  The system reportedly could have the capacity to ship up to 
4 million bpd throughout North America (Financial Post 2009).  Canadian National stated that it can ship 
crude oil directly into the U.S. or to the Canadian west coast for shipment to Asia.  The system would use 
insulated and heated double-hulled tank cars to ship bitumen or would ship bitumen diluted with 
condensates or other diluents (CN 2010).  Canadian National also stated that the rail system to the west 
coast of Canada is already in place and it could ship 2.6 million bpd to the west coast of Canada if 20,000 
tank cars were added to its fleet.  It further stated that the increase in the number of rail tank cars in use 
would not clog its system in Canada (Financial Post 2010).  As noted in The Globe and Mail (2011), 
Canadian National is currently transporting crude oil from the Bakken area of southern Saskatchewan to 
the U.S. Gulf Coast.  However, only 250 to 300 rail cars of crude oil per month are being transported, or 
up to 10,000 bpd.  In addition, it is not clear that there is an interconnecting rail network from the 
Morgan, Montana are to either Cushing or the Gulf Coast to cost-effectively ship the oil. 
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The maximum size tank car allowed by regulations in 49 CFR 179.13 is 34,500 gallons (about 820 
barrels).  Use of these cars to ship 535,000 bpd would require approximately 650 rail tank cars per day at 
the delivery sites and returning to Canada.  At maximum capacity, approximately 1,010 rail tank cars 
would be required to unload at the delivery points each day.  It is likely that unit trains would be created 
and devoted exclusively to the Project, with each train consisting of from 60 to 100 tank cars.  
Transporting the maximum throughput of 830,000 bpd would require from about 10 to 17 unit trains 
delivering oil to the receipt points each day, as well as at least the same number of trains making the 
return trip.  It is possible that for continuous operation, the transporters may need to have additional trains 
in transit along the route or routes selected. 

The number of train trips required would likely affect traffic on the existing rail system in the vicinity of 
the route used from the Canadian border to the Gulf Coast   For example, this volume of rail traffic may 
result in periodic or long-term rerouting of some existing train traffic in the regions of the route selected 
by Canadian National.  This alternative would also directly affect communities that have rail lines that 
would be used for this transport or by creating delays on the rail lines due to the substantial increase in 
rail traffic across railroad crossings of roads.  There would likely be indirect impacts to some 
communities due to the redirection of some existing rail traffic to other rail lines and due to increased 
traffic on those lines.  This alternative would also substantially increase noise along the route selected and 
in communities indirectly affected due to increases in redirected train traffic.  In addition, there would be 
an increase in the emission of combustion products due to the use of diesel engines which could have an 
adverse impact on air quality along the route selected.  As compared to the proposed Project, this 
alternative would have substantially greater GHG emissions during operation due to the combustion of 
diesel fuel.  

Interruptions in the delivery of crude oil would be more likely than with the proposed Project due to 
conditions such as weather and congestion of the rail lines.  Although there are deliveries of large 
volumes of crude oil and petroleum products by rail tank car unit trains in some areas of Russia and 
China, and perhaps elsewhere in Asia, there are no such major delivery systems in the U.S.  Investments 
are currently being made to move up to 200,000 bpd of Bakken crude oil out of Montana and North 
Dakota to refineries elsewhere in the United States, including the Gulf Coast.  However, to meet the 
market demand to which the proposed Project is responding, development of a rail tank car system would 
likely require substantial new approaches to delivery systems and new infrastructure, including spur lines, 
train storage yards at the delivery points, additional oil storage facilities, and upgrades to existing rail 
lines.  The impacts of development of such a system would likely be similar to those of the proposed 
Project, but may not occur along the same distance as those of the proposed Project since many existing 
rail lines may be available for use.  However, substantial areas would be required for train storage and 
spur lines at or near the delivery points.  For many resources, the impacts of constructing this alternative 
on key resources would likely be less extensive than those of the proposed Project.  However, as noted 
above, during operation the impacts on communities in the vicinity of the route selected and in 
communities affected by redirected rail traffic would be greater than those of the proposed Project during 
operation.   

As noted in Table 4.2.3-1, rail transport of liquids is not as safe a mode of transportation as pipelines.  
With the number of trains and tank cars required to transport volumes of crude oil similar to those of the 
proposed Project, the safety of communities along the route could be an issue of concern.  The maximum 
release of oil from a train accident would likely be less than the maximum possible release from the 
proposed Project.     

The use of rail tank cars for delivery of WCSB crude oil may not be as cost-effective as transport by 
pipeline and may result in higher transportation costs.  Although the Canadian National website has 
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suggested that transport prices on rail are at least competitive with pipeline tariffs, the EnSys (2010) 
report states the following regarding PipelineOnRailTM: 

“This study did not allow for the expansion of the PipelineOnRail capacity in any scenario 
because tariffs for rail are generally not considered attractive relative to pipelines.  However, 
during a period of constrained pipeline capacity, the PipelineOnRail could compete as an 
alternative.” 

In summary, development of a rail system to transport the volume of crude oil that would be transported 
by the proposed Project would likely produce less impact from construction than would the proposed 
Project.  However, there would likely be greater safety concerns and greater impacts during operation, 
including higher energy use and GHG emissions, greater noise impacts, and greater direct and indirect 
effects on many more communities than the proposed Project.  Rail transportation would also be subject 
to more frequent delivery interruptions than the proposed Project.  As a result, transportation of crude oil 
by rail tank car from the Canada/U.S. border to delivery points in PADDs II and II would not offer an 
overall environmental advantage over the proposed Project and was eliminated from further 
consideration.   

4.2.3.3  Barge and Marine Tanker Transport 

Inland transport of crude oil by barge to PADD III from the U.S./Canada border near Morgan would 
require an inland waterway capable of supporting barge traffic to Cushing and to PADD III.  However, 
there is no inland waterway that could accommodate that traffic and therefore barge transport of crude oil 
to the delivery points at Cushing and in Texas was not considered a reasonable alternative. 

Marine transport by either barge or marine tanker would require that crude oil be transported from the 
WCSB producers to ports on either the east or west coasts of Canada or the U.S.  The Enbridge 
Trailbreaker, discussed in Section 4.2.2 as a system alternative, was a previously proposed transportation 
plan that would have transported crude oil to a northeast U.S. port and shipped it by marine tanker to 
PADD III.  However, that project is not being actively pursued by Enbridge and was not further 
considered as a system alternative to the proposed Project.  In addition, although marine transport by 
either barge or tanker to PADD III would be possible, it would require other forms of transport as well to 
reach Cushing, and therefore would not meet all proposed Project objectives without additional 
infrastructure.   

As noted in Section 4.1, there are several proposed projects that would transport WCSB crude oil to the 
Canadian west coast for transport from existing, modified, or new marine terminals.  Although those 
projects could be considered potential system alternatives, implementation of the projects would not be 
possible in the time frame necessary to meet the proposed Project objectives.  Construction of those 
projects would have impacts that would be similar in nature, extent, and magnitude as those of the 
proposed Project, although the impacts would likely occur only in Canada.   

Transport of crude oil by marine tanker or barge would result in substantially more energy consumption 
than transport by the proposed Project and would result in substantially more GHG emissions than during 
operation of the proposed Project.  As noted in Table 4.2.3-1, both marine tanker and barge transport of 
hazardous liquids have greater safety concerns than transport by pipeline.  Additionally, this method of 
transport to the Gulf Coast would be more costly than transport by pipeline.   

In summary, marine transport of WCSB crude oil would not meet the proposed Project objectives, would 
result in greater energy consumption and GHG emissions, would increase the cost of delivered crude oil 
to the Gulf Coast refineries, and would have greater safety concerns than the proposed Project.  
Therefore, marine transport of WCSB crude oil was not further considered as a system alternative to the 
proposed Project.    
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4.3 MAJOR ROUTE ALTERNATIVES AND ROUTE VARIATIONS 

4.3.1 Introduction 

DOS considered potential alternative routes to determine whether or not there are route alternatives that 
would avoid or reduce impacts to environmentally sensitive resources as compared to the impacts of the 
proposed Project while meeting the objectives of the proposed Project.  In identifying route alternatives, 
consideration was given to suggestions received from tribes, agencies, and the public during the scoping 
period and in comments on the draft EIS.  In addition, variations to the proposed route were also 
considered.  Variations are relatively short deviations from a proposed route that are developed to resolve 
or reduce construction impacts to localized, specific resources such as cultural resource sites, wetlands, 
recreational lands, residences, and terrain conditions.   

This section addresses major route alternatives by segment and route variations in the following 
subsections: 

• Approach (Section 4.3.2); 

• Alternative Routes for the Steele City Segment (Section 4.3.3); 

• Alternative Route for both the Steele City Segment and Cushing Extension (Western Alternative; 
Section 4.3.4); 

• Alternative Routes for the Gulf Coast Segment (Section 4.3.5); 

• Alternative Routes for the Houston Lateral (Section 4.3.6); and  

• Route Variations (Section 4.3.7). 

The agency preferred route is presented in Section 4.3.8. 

4.3.2 Approach 

The alternatives analysis was conducted as a screening process that involved the following steps: 

• Establish criteria for screening alternatives; 

• Identify potential alternatives that meet the criteria; 

• Determine whether the potential alternatives could meet the purpose and need of the proposed 
Project and whether or not they would be technically and economically practicable; and 

• For those alternatives that could meet the purpose and need of the proposed Project and appear to 
be technically and economically practicable, determine whether or not an alternative offers an 
overall environmental advantage over the proposed route.  If it was determined that the potential 
alternative would not offer an overall environmental advantage, it was eliminated from further 
consideration.    

4.3.2.1 Screening Criteria 

Control Points Criterion 

The control points are locations where alternatives would have to begin and end to meet the Project 
objectives.  These fixed control points, which placed geographic constraints on potential alternatives, 
consisted of the following: 

 4-31  

Supplemental Draft EIS  Keystone XL Project 



 

• The U.S./Canada border crossing between Saskatchewan and Montana near the town of Morgan, 
Montana where the pipeline of the Canadian portion of the proposed pipeline terminates (the 
Canadian portion of the pipeline has already been permitted) – that control point is the northern 
end of the Steele City Segment; 

• The northern end of the existing Cushing Extension of the Keystone Oil Pipeline near Steele City, 
Nebraska – that control point is the southern end of the Steele City Segment; 

• The southern end of the Cushing Extension in Cushing, Oklahoma – that control point is the 
northern end of the Gulf Coast Segment; 

• The crude oil delivery point in PADD III at Nederland, Texas – that control point is the southern 
end of the Gulf Coast Segment; and  

• The crude oil delivery point near Moore Junction, Texas – that control point is the southwestern 
end of the Houston Lateral.  

These control points provide the basic framework for identifying alternative routes.  However, as 
described in Section 4.3.3.1, in response to an agency scoping comment and comments on the draft EIS 
regarding alternatives, we also considered alternatives that originated at Hardisty, Canada and extended 
into the U.S. at a point other than near Morgan.   

The control points at the northern and southern ends of the Cushing Extension were established to take 
advantage of the nearly 300 miles of 36-inch-diameter pipe that is currently in place and available for use 
by modifying the operation of the existing Keystone Oil Pipeline.  Use of the Cushing Extension would 
avoid the impacts associated with construction of a pipeline of similar length.  However, as described in 
Section 4.3.4, an alternative to using the Cushing Extension was also identified and evaluated. 

Avoidance Criterion 

The second criterion established was to avoid or minimize effects to or crossing of the following areas to 
the extent practicable:   

• Public lands (except in Montana, where there is a state regulatory preference for the use of public 
lands; this issue is addressed in Appendix I to the draft EIS and in Section 4.3.7); 

• Large waterbodies and water control structures; 

• Rugged terrain that could impact constructability; 

• Large wetland complexes; 

• Highly developed urban areas and urban infrastructure; 

• Properties listed on the NRHP; 

• Wildlife refuges and management areas; 

• Key waterfowl use or nesting areas; 

• Irrigated croplands; 

• Forested areas, including commercial forest lands; and 

• Residences and outbuildings. 
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Although the alternatives identified avoided or minimized crossings of these areas to the extent possible, 
the extent, shape, and prevalence of many resources (e.g., rivers, historical trails, wetlands, and 
farmlands) preclude completely avoiding impacts to them on any selected route, particularly for a route 
that would extend from the U.S./Canada border to the Gulf Coast. 

Many commenters on the draft EIS requested that DOS consider avoidance of or minimization of pipeline 
length in the Sand Hills topographic region of Nebraska as well as areas in Nebraska underlain by the 
NHPAQ system.  These commenters considered that the potential for accidental oil releases associated 
with the proposed Project operations would lead to unacceptable risk to the NHPAQ system and  that the 
potential for erosion in the Sand Hills topographic region associated with the proposed Project 
construction would lead to unacceptable environmental degradation The NHPAQ system extends across 
approximately 64,400 square miles of Nebraska, essentially underlying all but the eastern-most portion of 
the state.  Almost all reasonable potential routes through Nebraska from the control point at Morgan, 
Montana to the control point at the northern end of the existing Cushing Extension would cross the 
NHPAQ system, including the existing Keystone pipeline corridor.  DOS has addressed these concerns in 
Sections 3.2, 3.3, and 3.13.  Key findings of the analyses in these sections include: 

• As discussed in Section 3.13, experience from previous oil pipeline releases in shallow 
groundwater areas with conditions similar to those within the NHPAQ system indicates that the 
impacts from even very large spills would likely be limited to localized groundwater 
contamination that would not threaten the regional viability of the aquifer system. 

• The proposed Project would be constructed and operated using standard PHMSA regulatory 
requirements for pipeline construction and operation in 49 CFR 195 as well as a set of even more 
stringent Project-specific Special Conditions developed in consultation with PHMSA and agreed 
to by Keystone.  Standard PHMSA requirements are described in greater detail in Sections 2.3 
and 3.13.1 as are the Project-specific Special Conditions that are also provided in Appendix C of 
the SDEIS.  In aggregate, these procedures would substantially reduce the potential risk of an 
accidental oil release from the pipeline anywhere along the proposed Project corridor.  Based on 
the most recent PHMSA data for incidents associated with hazardous liquid pipelines (see Section 
3.13.3.2), there is a statistical probability of 0.0007 incidents per mile of pipeline per year.  These 
incident statistics include all releases from pipelines of all ages and are therefore conservative 
when comparing to potential risk from new pipelines designed consistent with current 
regulations, industry standards, and with the 57 Project-specific Special Conditions developed in 
consultation with PHMSA that would apply to the proposed Project. 

• During the proposed Project design effort, local Natural Resources Conservation Service (NRCS) 
offices and regional experts on Sand Hills reclamation from the University of Nebraska, 
University of South Dakota, and Nebraska Department of Roads were consulted and their 
recommendations on routing, construction techniques, and restoration techniques to minimize 
potential damage to Sand Hills vegetation were incorporated into the proposed Project plan and 
would be incorporated into the implementation of any alternative route across the Sand Hills (see 
Section 3.2.2.1 of the SDEIS,  Appendix B of the draft EIS – CMR plan, and Appendix H of the 
draft EIS – Pipeline Construction in Sand Hills Native Rangelands for additional information).  
Specific construction, reclamation, and post-construction activities would be employed in the 
Sand Hills topographic region based on the recommendations of these experts.  Keystone would 
incorporate these procedures into construction within the Sand Hills topographic region, for either 
the proposed Project route or any other alternative selected.  With proper measures, risks of wind 
erosion during the time period when vegetation is being reestablished can be largely eliminated.   

• The installation and operation of crude oil pipeline systems is a compatible land use in Nebraska 
under existing federal and state land use policies and regulations.  Major pipelines currently 
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As a result of these findings, avoidance of the Sand Hills topographic region and NHPAQ system are not 
considered appropriate screening criteria for the identification of alternative routes.  Also, Keystone has 
committed to provide replacement water if an accidental release from the proposed Project that is 
attributable to Keystone’s actions contaminates groundwater used for drinking water or irrigation.  
Nonetheless, DOS considered one potential alternative (Western Alternative) that would avoid the Sand 
Hills topographic region and NHPAQ system entirely and four potential alternatives (Alternative SCS-A, 
Alternative SCS-A1A, Keystone Corridor Alternative, I-90 Corridor Alternative) that would reduce 
pipeline mileage crossing either the Sand Hills topographic region or the NHPAQ system.  Two of the 
examined alternatives, the Keystone Corridor Alternative and the I-90 Corridor Alternative, were 
developed specifically in response to comments received on the draft EIS and the extensive public debate 
that has continued since that time.  DOS has also considered concerns related to the Sand Hills 
topographic region and the NHPAQ system in its assessment of alternative routes that meet the four 
screening criteria for alternative routes.   

Length of Alternative Routes Criterion 

Within the constraints of the control point criteria, development of alternative routes considered 
minimizing the length of pipeline that would be required to reach the control points.  As a general rule, 
construction of each mile of pipeline would impact approximately 13.3 acres, not including extra 
workspaces, access roads, construction yards, pipe yards, and rail yards.  Operation of each mile of 
pipeline would affect approximately 6.0 acres.  As a result, there usually are environmental advantages to 
keeping the length of pipe required to reach the control points as short as possible while considering all 
other issues of concern. 

Distance Parallel to Existing Linear ROW Criterion 

In determining potential route alternatives, the fourth criterion was to establish routes that would have all 
or part of their length parallel to existing linear facility ROWs.  Routes were considered parallel to 
existing ROWs if they were overlapping, directly adjacent to, or within 150 feet of an existing ROW.  
The industry standard for new pipeline centerline separation from existing pipelines is 25 feet, a distance 
sufficient to provide room for maintenance and construction restrictions.   

The rationale for siting a new pipeline parallel to an existing ROW is that concentrating linear facilities in 
or near existing linear corridors may reduce the impacts to resources that have not previously been 
disturbed by major linear project construction.  Installation of a new pipeline along existing, cleared 
ROWs may be environmentally preferable to construction along new ROWs, and construction and 
operation effects and cumulative impacts can normally be reduced by the use of previously cleared 
ROWs.  However, if the new pipeline is installed in a ROW that is not within the existing ROW, the 
impacts may be similar to those of new construction that is not parallel to an existing ROW.  In addition, 
in some cases it may be advantageous to select a new pathway, depending on the number of miles of new 
construction that may be required to capitalize on existing development corridors and the specific effects 
of corridor expansion in areas with important human development, cultural resources, or environmental 
resources.  For example, while a new corridor may contribute to habitat fragmentation in areas with 
currently uninterrupted species use areas, the lateral expansion of an existing corridor with a new ROW 
may exacerbate the problem along that linear corridor. This criterion addresses the concern of many 
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commenters that DOS should consider an alternative route paralleling the existing Keystone Oil Pipeline 
along all or part of its route.   

4.3.2.2 Identification of Route Alternatives 

The four criteria listed in Section 4.3.2.1 were used in the screening process to identify potential 
alternative routes to the proposed Project route within each segment.  As described in Section 4.3.2, the 
routes were evaluated based on technical and economic practicability, and whether the or not the route 
alternative would meet the purpose of and need for the proposed Project.  Alternatives that met those 
criteria were then evaluated to determine whether or not they offered an overall environmental advantage 
over the proposed route, particularly with regard to the avoidance criterion.  Consistent with 40 CFR 
1502.14, the reasons for eliminating alternative routes from further detailed study are provided for each 
potential alternative in the comparison of potential alternatives to the proposed route presented below.  
Additional information on the proposed Project route is presented in Sections 2.0 and 3.0. 

4.3.3 Alternative Routes for the Steele City Segment 

The Steele City Segment extends from the U.S./Canada border near Morgan, Montana to the northern end 
of the Cushing Extension near Steele City, Nebraska.  For the Steele City Segment, the following 
potential route alternatives were considered:  

• Express-Platte Alternative Routes (Section 4.3.3.1); 

• Steele City Segment (SCS) Alternative A (Section 4.3.3.2); 

• Alternative SCS-A1A (Section 4.3.3.3); 

• Keystone Corridor Alternative (Section 4.3.3.4); 

• I-90 Corridor Alternatives A and B (Section 4.3.3.5); and  

• Baker Alternative (Section 4.3.3.6). 

These alternative routes are depicted in Figures 4.3.3-1, 4.3.3-2, and 4.3.3-3.   

As a cooperating agency, the MDEQ considered the alternative routes described below.  However, to 
comply with the requirements of the state’s MFSA, MDEQ also considered two other route alternatives in 
Montana as well as many minor route variations in Montana.  The development and analysis of the 
MFSA-related alternatives and variations in Montana are described in Appendix I to the draft EIS and 
summarized in Section 4.3.7.   

4.3.3.1 Express-Platte Alternatives 

The Express-Platte Pipeline System is a 1,700-mile-long oil transportation network that connects 
Canadian and U.S. producers to refineries in the Rocky Mountain and Midwest regions of the U.S.  The 
system consists of two crude oil pipelines – the Express Pipeline and the Platte Pipeline.  The Express 
Pipeline extends from Hardisty, Alberta Canada to markets in Montana, Wyoming, Utah, and Colorado.  
It crosses the U.S./Canada border near the Port of Wild Horse, Montana and connects to the Platte 
Pipeline system at Casper, Wyoming.  The Platte system extends from Casper to Wood River, Illinois.   

At the request of MDEQ, Express-Platte Alternative 1 was developed to parallel the Express-Platte 
System from Hardisty to a point near the northern end of the Cushing Extension where it would require a 
short new pipeline to connect with the Cushing Extension.  Although this alternative would not meet the 
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control point criterion of starting near Morgan, where the Canadian portion of the route ends, the 
alternative was compared to the proposed route at the request of MDEQ.  In addition, Express-Platte 
Alternative 2 was developed to meet the control-point criterion; i.e., it would begin at the control point at 
Morgan.  Both of these alternative routes would require construction of a new pipeline to connect the 
southern end of the Cushing Extension to the delivery points in Texas (Gulf Coast Segment).  In the 
assessment of the two Express-Platte alternatives, it was assumed that the route of the Gulf Coast 
Segment would be the same as for the proposed Project. 

The Express-Platte alternative routes are addressed below.  The existing Express-Platte System and the 
two Express-Platte alternatives are depicted on Figure 4.3.3-1.   

Express-Platte Alternative 1 

The U.S. portion of Express-Platte Alternative 1 (i.e., the Steele City Segment of the alternative) would 
be approximately 1,049 miles long.  The proposed Project route in this area (Alternative SCS-B) would 
be approximately 851 miles long.  Express-Platte Alternative 1 would parallel the existing Express-Platte 
corridor through Montana, Wyoming, Nebraska, and Kansas before diverting to connect with the Cushing 
Extension at Steele City.  In comparison, the proposed Project route would be parallel to about 30 miles 
of existing ROWs along its 851.6-mile length.  Although Express-Platte Alternative 1 would parallel an 
existing pipeline corridor, the existing easements along that corridor are in the control of a different 
company and it may not be possible to construct the alternative pipeline within the existing ROW.   

Comparisons of the impacts of Express-Platte Alternative 1 on key environmental resources with those of 
the proposed Project route are presented in Table 4.3.3-1.  The alternative is about 234 miles longer than 
the proposed Project route and would affect about 3,200 more acres than the proposed Project route when 
considering the 110-foot-wide construction ROW, extra work spaces, additional contractor and pipe 
yards, and additional access roads over that distance.  Express-Platte Alternative 1 would also affect more 
wetlands, developed land, forested lands, rangeland and grassland, agricultural land, and federal lands as 
compared to the proposed route.  It would also cross more streams and rivers and would extend across 
approximately 439 miles of the NHPAQ system as opposed to the 247 miles of the proposed route that 
would extend over the aquifer (see Figure 4.3.3-2).  The alternative would cross approximately 31.9 miles 
of the Sand Hills topographic region as compared to 68.1 miles for the proposed Project.  

In comparison to the proposed route, Express-Platte Alternative 1 would cross fewer miles of the Sand 
Hills topographic region.  However, it would be substantially longer, have a greater area of impact, affect 
more areas of key resources, and would extend over more land underlain by the NHPAQ system.  
Therefore, the Express-Platte Alternative 1 would not offer an overall environmental advantage over the 
proposed route and was eliminated from further consideration. 

Additionally, Keystone has obtained the necessary permits to construct the proposed Project in Canada 
which terminates north of the U.S./Canada border near Morgan.  Implementation of Express-Platte 
Alternative 1 would require submitting a new permit application to NEB for a revised route in Canada, 
and the approval process would not be completed in a time frame that would meet the proposed Project 
objectives.  For the above reasons Express-Platte Alternative 1 was eliminated from further consideration.   

Express-Platte Alternative 2 
 
Express-Platte Alternative 2 was developed to provide an alternative route that would start at the control 
point near Morgan while still paralleling the existing pipeline system over much of its length.  This 
alternative, which is depicted on Figure 4.3.3-1 and included in the impact comparisons in Table 4.3.3-1, 
would be approximately 1,085.5 miles long.  It would not require a new route in Canada.   



 

TABLE 4.3.3-1 
Impact Comparisons for the Steele City Segment Alternatives  

Characteristic SCS-B 
(Proposed Route) SCS-A SCS-A1A Express-Platte 1 Express-Platte 2 

Keystone 
Corridor 

Total Length (Miles) 851.6 923.2 954.6 1,049.2 1,085.5 1,102.2

Land Use (Acres)a 

Agricultural Land 2,974.6 7,264.5 7,617.6 5,240.6 4,434.2 10,360.5

Barren Land 6.3 8.6 10.5 66.1 81.7 1.5

Developed Land 174.2 363.8 363.2 432.6 400.7 521.6

Forested 33.0 89.6 89.9 93.1 140.5 171.1

Rangeland/Grassland 8,002.7 4,369.0 4,431.7 7,843.3 9,165.2 3,041.3

Wetlands 148.1 150.2 147.9 290.3 229.2 486.7

Open Water 15.8 63.6 67.2 23.3 21.8 113.3

Total 11,354.7 12,309.3 12,728.0 13,989.3 14,473.3 14,696.0

Federal Land Ownership (Acres)b 

Bureau Land Management 595.2 271.9 283.4 1,380.7 1957.3 331.7

Bureau of Reclamation 0.0 0.0 0.0 286.8 286.8 0.0 

Department of Defense 0.0 16.2 16.2 0.0 0.0 0.0 

Fish and Wildlife Service 0.0 0.0 2.9 0.0 0.0 0.0 

Forest Service 0.0 97.5 97.5 0.0 0.0 0.0 

National Park Service 0.0 18.9 18.9 0.0 0.0 18.9

Total 595.2 404.5 418.9 1,667.5 2,244.1 350.6

Fort Peck Indian Reservation (Acres)c  0.0   1,200.0  0.0  0.0 0.0 0.0

Number of Streams and Rivers 
crossedd  454  544  538  695 693 540
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 a Land use from U.S. Geological Survey (USGS) 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
b Federal lands from ESRI 2004a or National Park Service 2010a.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
c Fort Peck Indian Reservation from ESRI 2004a.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
d Streams and rivers from ESRI 2004b.   

  
 



 

Comparisons of the impacts on key environmental resources of Express-Platte Alternative 2 with those of 
the proposed Project route are presented in Table 4.3.3-1.  This alternative would be about 198 miles 
longer than the proposed route and would affect about 2,700 more acres when considering the 
construction ROW, extra work spaces, additional contractor and pipe yards, and additional access roads 
over that distance.  In addition, it would cross the Antelope Creek Wilderness Study Area from MP 112.7 
to MP 114.9.  BLM manages wilderness study areas under the National Landscape Conservation System 
to protect their value as wilderness until Congress decides whether or not to designate them as wilderness.  
On the north side of the Missouri River, 9,600 acres of this 12,350-acre wilderness study area were 
recommended for full wilderness designation.  The area has many opportunities for solitude and 
recreation such as hiking, hunting, rock climbing, and photography.   

Although in comparison to the proposed route, Express-Platte Alternative 2 would cross fewer miles of 
the Sand Hills topographic region, it would be substantially longer, have a greater area of impact, affect 
more areas of key resources, and would extend over more of the NHPAQ system.  It would also cross a 
National Wilderness Study Area that has been recommended for full wilderness status.  As a result, 
Express-Platte Alternative 2 would not offer an overall environmental advantage over the proposed route 
and was eliminated from further consideration. 

4.3.3.2 Steele City Segment Alternative A (SCS-A) 

Alternative SCS-A would parallel the existing Northern Border Pipeline ROW in its northernmost section 
for approximately 555 miles.  It would then intersect and parallel the ROW of the existing Keystone Oil 
Pipeline for approximately 368 miles until reaching the control point at the northern end of the Cushing 
Extension.  In comparison, the proposed Project route would parallel about 30 miles of existing ROWs 
along its 851.6-mile length.  Alternative SCS-A would cross parts of Montana, North Dakota, South 
Dakota, and Nebraska.  It would also cross 90 miles of the Fort Peck Indian Reservation in Montana, 
affecting approximately 1,200 acres of the reservation when considering the 110-foot-wide construction 
ROW, extra work spaces, additional contractor and pipe yards, and additional access roads over that 
distance.   

In Montana, Alternative SCS-A would cross the BLM-managed Bitter Creek Wilderness Study Area, an 
area designated under the Federal Land Policy and Management Act as having wilderness characteristics 
consistent with the provisions of the Wilderness Act of 1964.  In North Dakota, Alternative SCS-A would 
cross the Little Missouri National Grassland managed by the USFS.  It would also cross the Missouri 
River along the South Dakota-Nebraska border and the Missouri River National Recreational Area 
administered by the NPS.  However, it would avoid a crossing of the Yellowstone River.  

Comparisons of the potential impacts on key environmental resources of Alternative SCS-A to those of 
the proposed route are presented in Table 4.3.3-1.  SCS-A would cross substantially more agricultural and 
developed land, more wetlands, more forested land, and approximately 110 more streams and rivers than 
the proposed Project route.  It would cross substantially less rangeland and grass land than the proposed 
route.   

Alternative SCS-A would cross approximately 2.4 miles of the Sand Hills topographic region, whereas 
the proposed route would cross approximately 68.1 miles of the Sand Hills topographic region.  However, 
the proposed Project route in the Sand Hills topographic region was selected to reduce erosion problems 
to the extent practicable, although some minor route re-alignments may be required during construction to 
avoid particularly erosion-prone locations such as ridge tops and existing blow-out areas (see CMR plan, 
Appendix B of the draft EIS).  During the proposed Project design effort, local NRCS offices and regional 
experts on Sand Hills reclamation from the University of Nebraska, University of South Dakota, and 
Nebraska Department of Roads were consulted and their recommendations on routing, construction 
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techniques, and restoration techniques to minimize potential damage to Sand Hills vegetation were 
incorporated into the proposed Project plan (see Section 3.2.2.1,  Appendix B of the draft EIS – CMR 
plan, Appendix H of the draft EIS – Pipeline Construction in Sand Hills Native Rangelands, and 
Appendix D of the SDEIS – Sand Hills Construction/Reclamation Unit, for additional information).  
Specific construction, reclamation, and post-construction activities would be employed in the Sand Hills 
based on the recommendations of these experts.  Keystone would incorporate these procedures into 
construction within the Sand Hills topographic region, for either the proposed Project route or Alternative 
SCS-A.     

Alternative SCS-A would extend across approximately 145 miles of the NHPAQ system in comparison to 
the 247 miles of the proposed Project route that would extend over the aquifer (see Figure 4.3.3-2).  The 
proposed Project route would be constructed and operated across the aquifer using standard PHMSA 
regulatory requirements for pipeline construction and operation in 49 CFR 195 as well as a set of even 
more stringent Project-specific Special Conditions developed by PHMSA and agreed to by Keystone.  
Standard PHMSA requirements are described in greater detail in Sections 2.3 and 3.13.1 as are the 57 
Project-specific Special Conditions developed by PHMSA that are also provided in Appendix C of this 
SDEIS.  In aggregate, these procedures would substantially reduce the potential risk of an accidental oil 
release from the pipeline anywhere along the proposed Project corridor. Based on the most recent 
PHMSA data for incidents associated with hazardous liquid pipelines (see Section 3.13.3.2), there is a 
statistical probability of 0.0007 incidents per mile of pipeline per year. These incident statistics include all 
releases from pipelines of all ages and are therefore conservative when compared to the potential risks 
from new pipelines designed consistent with current regulations, industry standards, and with the 57 
Project-specific Special Conditions developed by PHMSA that would apply to the proposed Project.  The 
majority of pipeline releases are small as further discussed in Section 3.13. 

In summary, although the proposed Project route would cross more of the Sand Hills topographic region 
and overlie more of the NHPAQ system than would Alternative SCS-A, Alternative SCS-A would be 
approximately 72 miles longer than the proposed route and would affect at least 1,000 more acres than the 
proposed route when including the 110-foot-ROW, extra work space areas along the ROW, additional 
pipe and construction yards, and additional access roads.  It would also impact more than twice as many 
acres of agricultural land, developed land, and forested land.  Alternative SCS-A would cross more open 
water, substantially more streams and rivers, and slightly more wetlands than the proposed route.  It 
would also cross tribal lands, wilderness areas managed by BLM, grasslands managed by USFS, and a 
major recreational area under the jurisdiction of NPS.  Therefore, route Alternative SCS-A would not 
offer an overall environmental advantage over the proposed route and was eliminated from further 
consideration. 

4.3.3.3 Steele City Segment Alternative A1A 

Except for a short distance along the northern portion of Alternative SCS-A1A, this route is the same as 
that of Alternative SCS-A (see Figure 4.3.3-1).  Alternative SCS-A1A deviates from Alternative SCS-A 
to avoid affecting lands within the Fort Peck Indian Reservation in Montana.  The deviation would begin 
in central Valley County, Montana and extend to the east along a path that would be north of the 
reservation.  It would then turn south to pass to the east of the reservation in Sheridan County until 
crossing into Roosevelt County, Montana where it would extend to the southeast and cross into Williams 
County, North Dakota.  From there, Alternative SCS-A1A would follow the same route as Alternative 
SCS-A to reach the control point at the northern end of the Cushing Extension.  

Alternative SCS-A1A would cross Diversion Ditch No. 1 in the Medicine Lake National Wildlife Refuge 
(NWR), a canal that connects the refuge to Big Muddy Creek in Sheridan County and prairie potholes 
east of the Fort Peck Indian Reservation.  Medicine Lake NWR is a 31,660-acre refuge established to 
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provide breeding habitat for migratory birds and other wildlife.  Prairie potholes are present in 
northeastern Montana and North Dakota.  These are depressional wetlands (primarily freshwater marshes) 
that are either permanent or temporary potholes that provide breeding areas and habitat for migratory 
birds and help prevent downstream flooding.  These sensitive habitats are more prominent in the eastern 
portion of Alternative SCS-A1A than other Steele City Segment alternatives.   

Comparisons of the potential impacts on key environmental resources of Alternative SCS-A1A to those 
of the proposed Project route are presented in Table 4.3.3-1.  Alternative SCS-A1A would cross 
substantially more agricultural and developed land, more forested land, and 84 more streams and rivers 
than the proposed route.  However, the alternative would cross substantially less rangeland and grass land 
than the proposed route.  Alternative SCS-A1A would be approximately 103 miles longer than the 
proposed Project route and would affect at least 1,400 more acres when including the 110-foot-wide 
construction ROW, extra work space areas, additional pipe and construction yards, and additional access 
roads.  Alternative SCS-A1A would have the same route as Alternative SCS-A across the Sand Hills 
topographic region and the NHPAQ system.  

In summary, the impacts to key environmental resources associated with Alternative SCS-A1A, including 
impacts to BLM-managed Bitter Creek Wilderness Study Area, the Little Missouri National Grassland 
managed by the USFS, and the Missouri River National Recreational Area administered by the NPS are 
similar to those of Alternative SCS-A.  However, Alternative SCS-A1A would also cross the Medicine 
Lake NWR and would affect the environmentally sensitive prairie pothole areas.  Therefore, as with 
Alternative SCS-A, Alternative SCS-A1A would not offer an overall environmental advantage over the 
proposed route and was eliminated from further consideration. 

4.3.3.4 Keystone Corridor Alternative 

Several commenters requested that Keystone follow a route that would parallel the entire existing 
Keystone Oil Pipeline.  Many commenters also recommended that the existing Keystone route be used to 
reduce the distance of pipeline overlying the Sand Hills topographic region of Nebraska and the NHPAQ 
system, which includes the Ogallala aquifer. 

For the reasons presented below, this potential alternative was eliminated from consideration.  In 
particular, this alternative was identified largely in response to comments received about concerns over 
the risk of spills to the NHPAQ system.  As illustrated in Figures 3.3.1-1 through 3.3.1-3 and Figure 
4.3.3-6, which show all water wells within 1 mile of the proposed pipeline route, the alternative would not 
eliminate risk to the aquifer, but would simply transfer it to other parts of the aquifer system that are more 
heavily used and that also include areas of shallow groundwater.  The alternative would also increase the 
risk of spill in rivers and streams by significantly increasing the number of rivers and streams crossed. 

Although Alternatives SCS-A and SCS-A1A would parallel the existing Keystone Pipeline ROW for 
about 368 miles, in response to comments on the draft EIS, DOS also considered an alternative that would 
begin at the Morgan control point and extend approximately 442 miles eastward into eastern North 
Dakota (see Figure 4.3.3-1).  That portion of the alternative was routed to avoid major national wildlife 
refuges and several smaller refuges that are present near the northern border of North Dakota.  The route 
also avoids crossing the Turtle Mountain Indian Reservation.  In North Dakota the alternative route 
intersects the existing Keystone Pipeline ROW and extends southward about 640 miles, paralleling the 
existing Keystone Pipeline ROW to the control point at the northern end of the Cushing Extension.  This 
alternative would require inclusion of a new pipeline from the southern end of the Cushing Extension to 
delivery points in PADD III.  In this analysis, it has been assumed that the route of the Gulf Coast 
Segment and the Houston Lateral of the proposed Project would be included in the Keystone Corridor 
Alternative and that the impacts of construction, operation, and maintenance of those portions of the 
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alternative would result in impacts that would be identical to those identified in Section 3.0 of the draft 
EIS, as supplemented by the information provided in Section 3.0 of this SDEIS.   

The Keystone Corridor Alternative is approximately 251 miles longer than the proposed Project route.  It 
is parallel to approximately 640 miles of the existing Keystone Pipeline ROW.  In comparison, the 
proposed Project route is parallel to about 30 miles of existing ROWs along the Steele City Segment.  As 
noted in the discussion of the criterion regarding use of existing ROWs in Section 4.3.2.1, installation of a 
new pipeline along existing, previously cleared and maintained ROWs may be environmentally preferable 
to construction along new ROWs, and construction and operation effects and cumulative impacts can 
normally be reduced by the use of previously cleared ROWs.  However, if a pipeline is installed in a 
ROW that is not within the existing ROW, the impacts may be similar to those of new construction that is 
not parallel to an existing ROW.  It is possible that the route of the Keystone Corridor Alternative could 
be included within part of the existing Keystone Oil Pipeline permanent ROW along some of the route 
since Keystone would be the owner of both pipelines.  However, it is also likely that a 25-foot separation 
between pipelines would be required for safety.  This would result in the alternative pipeline being 
installed no closer than at about the edge of the existing 50-foot-wide permanent ROW (25 feet on each 
side of the existing pipeline) except in areas where there are constraints outside of and adjacent to the 
existing ROW.  In those areas the route would have to be aligned to be as close to the existing ROW as 
possible but would not be adjacent to it.  In addition, to avoid damage to the existing pipeline, 
construction equipment and most construction activities would be limited to one side of that pipeline.  
Therefore, construction of the Keystone Corridor Alternative would require an area outside of the 
permanent ROW of the existing Keystone Oil Pipeline to accommodate the construction equipment and 
activities.  This area would also extend beyond the previously disturbed construction ROW of the existing 
Keystone Oil Pipeline since the edge of that construction ROW was typically about 55 feet from the 
center of the pipeline.  In addition, the portion of the construction ROW of the existing pipeline that is 
outside of the permanent ROW (i.e., the area typically 30 feet from the edge of the permanent ROW) has 
been reclaimed and would be cleared and disturbed again if the Keystone Corridor Alternative were 
constructed, thus negatively affecting ROW restoration already implemented or ongoing along these 
corridors.  

It is likely that construction of the Keystone Corridor Alternative would require a construction ROW that 
is approximately the same width as the construction ROW of the proposed Project.  Therefore, for 
comparison purposes, it was assumed that the Keystone Corridor Alternative would have a construction 
ROW that would extend 110 feet from the existing pipeline and that there would be only minor 
disturbances to the existing permanent ROW between the edge of that ROW and the existing pipeline.  
The portion of the route between Morgan, Montana and the existing pipeline would also require a 110-
foot-wide construction ROW.  In addition, construction of the alternative would require land for pipe rail 
yards, pipe storage yards, construction yards, temporary access roads, and in the portion of the route 
between Morgan and the existing pipeline, construction camps would likely be required to house the 
workforce.  That area is remote and there is little transient housing available.   

As a result, construction of the Keystone Corridor Alternative between Morgan and the existing Keystone 
ROW and along the area adjacent to the existing 640-mile-long ROW would affect an area that would be 
at least 3,400 acres larger than the area affected by construction of the proposed Project.  In addition, it 
has been assumed that construction of a pipeline to reach Gulf Coast markets would affect the same size 
area as the proposed Project. 

The route of the Keystone Corridor Alternative through Nebraska would be identical to that of 
Alternatives SCS-A and SCS-A1A (see Figure 4.3.3-1).  The Keystone Corridor Alternative extends 
across approximately 145 miles of the NHPAQ system, which includes the Ogallala aquifer, in 
comparison to the 247 miles of the proposed Project route that would extend over the NHPAQ system 
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(see Figure 4.3.3-2).  The Keystone Corridor Alternative crosses approximately 2.4 miles of the Sand 
Hills topographic region, whereas the proposed route crosses approximately 68.1 miles of the Sand Hills 
topographic region.   

As can be seen in Figure 4.3.3-3, the Keystone Corridor Alternative would cross numerous heavily used 
aquifers.  While it would avoid most of the Sand Hills topographic region, it would cross much more 
highly utilized aquifers than the shallow aquifers underlying the Sand Hills topographic region.  The 
proposed Project would be constructed and operated across the aquifer using standard PHMSA regulatory 
requirements for pipeline construction and operation in 49 CFR 195 as well as a set of 57 more stringent 
Project-specific Special Conditions developed by PHMSA and agreed to by Keystone.  Standard PHMSA 
requirements are described in greater detail in Sections 2.3 and 3.13.1 as are the 57 Project-specific 
Special Conditions developed by PHMSA that are also provided in Appendix C of this SDEIS.  
Incorporation of those conditions would result in a project that would have a degree of safety over any 
other typically constructed domestic oil pipeline system under current code and a degree of safety along 
the entire length of the pipeline system similar to that which is required in HCAs as defined in 49 CFR 
195.450.  If the Keystone Corridor Alternative were to be constructed, the 57 Project-specific Special 
Conditions would also be incorporated into project construction, operation, and maintenance.    

Based on the most recent PHMSA data for incidents associated with hazardous liquid pipelines (see 
Section 3.13.3.2), there is a statistical probability of 0.0007 incidents per mile of pipeline per year.  These 
incident statistics include all releases from pipelines of all ages and are therefore conservative when 
compared to the potential risk from new pipelines designed consistent with current regulations and 
industry standards.  The majority of pipeline releases are small as further discussed in Section 3.13.  
Additionally, no existing pipelines have been constructed and operated in compliance with the Project-
specific Special Conditions that would apply to the proposed Project.  Further,  the proposed Project route 
in the Sand Hills topographic region was selected to reduce erosion problems to the extent practicable, 
although some minor route re-alignments may be required during construction to avoid particularly 
erosion-prone locations such as ridge tops and existing blow-out areas (see the CMR plan in Appendix B 
of the draft EIS).  During the design of the proposed Project, local NRCS offices and regional experts on 
Sand Hills reclamation from the University of Nebraska, University of South Dakota, and Nebraska 
Department of Roads were consulted and their recommendations on routing, construction techniques, and 
restoration techniques to minimize potential damage to Sand Hills vegetation were incorporated into the 
proposed Project plan (see Section 3.2 and Appendix D of this SDEIS, and Appendices B and H of the 
draft EIS for additional information).  Specific construction, reclamation, and post-construction activities 
would be employed in the Sand Hills topographic region based on the recommendations of these experts.  
Keystone would incorporate these procedures into construction within the Sand Hills topographic region, 
for either the proposed Project route or the Keystone Corridor Alternative.    

A comparison of potential impacts to key environmental resources of the Keystone Corridor Alternative 
to those of the proposed Project route is presented in Table 4.3.3-1.  This table does not include impacts 
associated with the Gulf Coast Segment or the Houston Lateral since those routes have been assumed to 
be the same for both the proposed Project and the Keystone Corridor Alternative. 

The proposed Project route would affect about 2.6 times more rangeland and grassland than the Keystone 
Corridor Alternative, or approximately 4,961 more acres.  This would represent an increase in the 
potential for impacts to rangeland and grassland soils, lost grazing areas and grazing time, and other 
short- to long-term impacts to those areas as compared to the alternative.  It would also increase the 
amount of compensation that Keystone would be required to provide for lost grazing opportunities and 
other damages.  However, the Keystone Corridor Alternative would affect about 3.5 times more 
agricultural land than the proposed Project route, or about 7,385 more acres.  This would result in 
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increasing the potential for short- to long-term impacts to soil, crop production, and other damages to 
agricultural land as compared to the impacts of the proposed Project.   

The alternative route would affect almost 3 times more acres of developed land than the proposed Project 
route.  Impacts in developed land would be associated primarily with construction, although it is possible 
that pump stations and MLVs could be in the vicinity of the developed areas and would affect visual 
quality and create noise impacts during operation.  However, there has not been a hydraulic design of the 
Keystone Corridor Alternative and it is not possible to identify the locations of pump stations or MLVs 
along the alternative route.   

The alternative route would affect about 3.3 times more wetland area than the proposed Project route, or 
about 339 more acres.  This is a substantially greater area of wetland, although mitigation measures would 
be implemented to avoid or minimize the impacts to wetlands, and for jurisdictional wetlands, 
compensatory mitigation would likely be required as part of the USACE Section 404 permitting process.   

The Keystone Corridor Alternative would affect approximately 5 times more forested area, or about 138 
more acres.  That is a substantially greater area of forest impact than that of the proposed Project and 
could affect visual resources, wildlife habitat, and habitat fragmentation.   

In summary, the Keystone Corridor alternative would not reduce the statistical risk of an accidental 
release from the proposed Project.  Selecting the Keystone Corridor Alternative would simply transfer 
that same risk to other shallow groundwater aquifers, including other shallow aquifers within Nebraska.  
It would also actually represent an incremental increase in the risk that a spill would occur somewhere 
along the length of the pipeline, because spill risk is a function of pipeline length, and the Keystone 
Corridor Alternative is 251 miles longer than the proposed route.  The alternative would also affect a 
substantially greater total area than the proposed Project route, including crossing a river in the National 
Wild and Scenic River system, whereas the proposed Project route would not.   

As a result of these considerations, the screening analysis indicated that the Keystone Corridor 
Alternative did not offer an advantage regarding the relative potential impacts to the NHPAQ system, nor 
did it offer an environmental advantage over the proposed Project route and it was therefore eliminated 
from further consideration. 

4.3.3.5 I-90 Corridor Alternatives A and B  

The I-90 Corridor Alternatives A and B were also developed as alternatives that would reduce the length 
of pipeline over the Sand Hills topographic region and the NHPAQ aquifer system, which includes the 
Ogallala aquifer. For the reasons presented below, this potential alternative was eliminated from detailed 
consideration.  In particular, similar to the Keystone Corridor Alternative, this alternative was identified 
largely in response to comments received expressing concerns regarding the risk of spills to the NHPAQ 
system.  The alternative would not eliminate risk to the aquifer, but as indicated in Figure 4.3.3-6 
depicting water wells within 1 mile of the proposed alternative pipeline routes, it would simply transfer it 
to other parts of the aquifer system that are more heavily used and that still include areas of shallow 
groundwater, including areas of shallow groundwater in Nebraska.  Also, this alternative is not consistent 
with the screening criterion of avoiding major water bodies since it would have to cross Lake Francis 
Case in South Dakota.  The crossing of that reservoir using the HDD method may not be technically 
possible because of the distance involved as further discussed below.  Finally, the alternative would 
increase the risk of a spill occurring in rivers and streams by increasing the number of rivers and streams 
crossed. 
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The I-90 Corridor Alternatives cross approximately 2.4 miles of the Sand Hills topographic region and 
about 145 miles of the NHPAQ system.  In comparison, the proposed Project route would cross 
approximately 68.1 miles of the Sand Hills topographic region and 247 miles of the NHPAQ system.  The 
alternatives were developed to parallel I-90 or other existing ROWs to the extent possible to minimize 
new corridor development while avoiding to the extent practicable crossings of either the Sand Hills 
topographic region or the NHPAQ system. 

The I-90 Corridor Alternatives divert from the proposed Project route after crossing under I-90 in 
Nebraska and extend roughly eastward along the south side of I-90 to a point approximately 2 miles west 
of Alexandria, South Dakota.  At that location, the Burlington Northern and Santa Fe (BNSF) railroad 
line diverts from the I-90 corridor and extends to the southeast parallel to State Highway 262 for 
approximately 16 miles.  The I-90 Corridor Alternatives parallel the railroad/262 corridor to a point east 
of Emery, South Dakota where they intersect the existing Keystone Mainline ROW.  From there, the 
alternative routes parallel the existing Keystone Mainline ROW to the existing Cushing Extension (see 
Figure 4.3.3-1 and Figure 4.3.3-4).   

The pipeline for the I-90 Corridor Alternatives would not be installed within the existing highway ROW 
since the South Dakota Department of Transportation does not allow pipelines to be installed laterally 
within the I-90 ROW, although it does allow pipelines to cross the I-90 ROW.  These alternatives would 
therefore require the development of new ROW in undisturbed land to the south of the existing highway 
ROW.  The pipeline would not be installed within the BNSF railroad ROW but would be parallel to the 
ROW and would require the development of new ROW in undisturbed land near the existing railroad 
ROW.   

The I-90 Corridor Alternatives would require two more crossings of the Missouri River than the proposed 
Project route, and these crossings would be within environmentally sensitive areas.  One of these 
crossings would be at Lake Francis Case, a reservoir along the Missouri River formed by Fort Randall 
Dam.  This dam is approximately 90 miles downstream of the potential crossing sites.  Given the 
sensitivity of the crossing area, two variations of the I-90 Corridor Alternatives (A and B) were 
considered.  I-90 Corridor Alternative A is parallel to I-90 through the Oacoma area and crosses Lake 
Francis Case adjacent to I-90.  I-90 Corridor Alternative B parallels the South Dakota Highway 16/South 
Dakota Highway 50 alignment through the Oacoma area and across Lake Francis Case (see Figure 4.3.3-
5).  I-90 Corridor Alternative A avoids the downtown area of Chamberlain but requires crossing a steep 
bluff on the east side of the lake.  I-90 Corridor Alternative B extends through the downtown area of 
Chamberlain but avoids the steeper portions of the bluff.   

The two crossing sites are approximately 5,200 and 5,800 feet long and would likely involve the use of 
the HDD method if geotechnical considerations are appropriate.  However, for large-diameter pipelines, 
the HDD method is limited to a distance of approximately 6,000 feet.  When considering the onshore 
distance from the drill site to the exit hole, the height of the bluff, and the depth of the hole that would be 
bored, the aggregate distance may be too great for the HDD method.  More detailed engineering studies 
would be required to determine whether or not the HDD method would be feasible for this crossing, 
assuming that geotechnical conditions were suitable for HDD.  If the HDD method is not suitable, a wet-
cut crossing method using barges and bottom dredging would likely be required. 

Lake Francis Case extends about 107 miles from the Fort Randall Dam to the Big Bend Dam, which is 
about 20 river miles north of the I-90 crossing of Lake Francis Case.  Approximately 1 million people use 
the 19 recreation areas along the lake each year (USACE 2010).  Recreational opportunities include 
boating, fishing, swimming, hunting (outside of recreational areas), geocaching, camping, and picnicking.  
Construction of the alternative route through this area on both sides of the reservoir would disrupt 
recreational traffic and recreational activities for the duration of the construction period in that area.  
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Clearing the ROW would result in changes to the composition and structure of vegetation, including 
forested areas.  This would result in changes to the visual character and may be considered adverse 
impacts to those using the area for recreation.  It would also alter the habitats supporting species that are 
hunted.  In addition, both crossing variations and the ROW of the alternatives are in the vicinity of 
historic American Island and other areas associated with the Lewis and Clark expedition.  If the HDD 
installation method is used, the pipeline would be installed substantially below the bottom of the reservoir 
to minimize the potential for outside forces (e.g., anchor drag) that could cause an accidental release of 
crude oil from the portion of the pipeline under the lake during operation.  However, the potential for such 
releases from the onshore portions of the pipeline adjacent to the crossing would be the same as for those 
within other terrestrial areas where the pipeline is buried.   

As noted in Table 3.13.5-10 (Typical Ranges of Potential Crude Oil Spill Environmental Impacts), the 
potential impacts of crude oil reaching large rivers ranges from negligible to minor for very small spills 
(less than 210 gallons [5 barrels]), but can be major to catastrophic28 for very large spills (greater than 
210,000 gallons [5,000 barrels]).  In comparison, the potential impacts of spills reaching groundwater 
range from negligible for very small spills to substantive29 for very large spills.  As a result, 
implementation of the I-90 Corridor Alternatives to avoid a portion of the NHPAQ system would serve to 
transfer the risk of a spill to Lake Francis Case where the potential impact of a spill would likely be 
greater than that of a spill over the NHPAQ system (see Sections 3.3 and 3.13 for additional information 
on the potential impacts of a crude oil spill from the proposed Project over the NHPAQ system and the 
cleanup methods involved).  Additionally, along terrestrial portions of the I-90 Corridor Alternatives, 
groundwater use is much more extensive than is groundwater use across the Sand Hills topographic 
region (see Figure 4.3.3-6).  Therefore, the risk of a spill that could affect groundwater would be 
transferred from an area with less ongoing groundwater usage to areas with extensive ongoing 
groundwater usage in these terrestrial areas. 

The second crossing of the Missouri River would be near Yankton, South Dakota either within the 
existing Keystone ROW or more likely adjacent to that crossing.   The crossing area is within the 
Missouri National Recreational River, a 98-mile-long portion of the river administered by the National 
Park Service that extends from Ponca, South Dakota on the southeast end to the Fort Randall Dam on the 
northwest end.  As noted above, the Missouri National Recreational River was established by Congress to 
protect the natural, cultural, and recreational resources of two remaining free-flowing segments of the 
Missouri River in as natural a state as possible and to keep them available for the public.  The second 

                                                 
28 Major Impact – Patchy to continuous and heavy presence of oil on terrestrial and aquatic habitats near the spill 
site and for substantive distances down gradient from the spill site.  Impacts may be present for weeks to months and 
potentially for a year or more.  The impacted area may include many acres to sections of land or wetlands, and 
several miles of riverine habitat.  There may be effects on the local biological community and population-level 
impacts on organisms and habitats, as well as disruption of human uses in local oiled areas.  There may be 
substantive effects on HCAs including USAs. 
Catastrophic Impact – Mostly continuous or nearly continuous presence of oil on all habitats near and/or for 
substantive distances down gradient of the spill site.  Impacts may be present for months to years.  The impacted 
area may include many acres to sections of land or wetlands, and several to numerous miles of river or other aquatic 
habitat.  There may be both local and regional disruption of human uses.  There may be both local and regional 
impacts to biological populations and communities.  There may be significant to catastrophic effects on HCAs 
including USAs. 
29 Substantive Impact – Patchy to continuous presence of oil on terrestrial and aquatic habitats near the spill site.  
Impacts may be present for weeks to a few months and affect tens of acres or a few miles of stream/river habitat.  
There may be impacts to the local biological community and population-level effects on organisms and human uses 
of the area.  There may be detectable effects on HCAs including USAs. 
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Missouri River crossing would likely be accomplished using the HDD method, the same installation 
method used for the existing Keystone Mainline pipeline, to minimize construction impacts.  As 
described above, there is a potential for major to catastrophic impacts due to a very large crude oil spill 
from the proposed Project if it reaches the river.  The potential impact of such a spill is likely greater than 
that of a very large crude oil spill reaching groundwater in the NHPAQ system.  As a result, avoiding a 
portion of the NHPAQ system by implementing either of the I-90 Corridor Alternatives would serve to 
transfer a portion of the spill risk to the Missouri National Recreational River area where the potential 
impact of a spill would likely be greater than that of a spill over the NHPAQ system (see Sections 3.3 and 
3.13 for additional information on the potential impacts of a crude oil spill from the proposed Project over 
the NHPAQ system and the cleanup methods involved). 

Although other shorter potential routes through undeveloped land south of I-90 could be considered, they 
would likely have to cross either an extension of the NHPAQ system before meeting the existing 
Keystone ROW or cross the Niobrara River, Niobrara State Park, and/or the Santee Sioux Indian 
Reservation.  A route in that general area would also be in the watershed of and parallel to a portion of the 
Missouri River that is designated as the Missouri National Recreational River and is included in the 
National Wild and Scenic Rivers System.  The Missouri National Recreational River was established by 
Congress to protect the natural, cultural, and recreational resources of two remaining free-flowing 
segments of the Missouri River in as natural a state as possible and to keep them available for the public.  
The goal is to preserve, protect, interpret, restore, and enhance the natural and cultural resources of those 
segments of the river for the enjoyment of present and future generations.     

The proposed Project would be constructed and operated across the aquifer using standard PHMSA 
regulatory requirements for pipeline construction and operation in 49 CFR 195 as well as a set of 57 more 
stringent Project-specific Special Conditions developed by PHMSA and agreed to by Keystone.  Standard 
PHMSA requirements are described in greater detail in Sections 2.3 and 3.13.1 as are the 57 Project-
specific Special Conditions developed by PHMSA that are also provided in Appendix C of this SDEIS.  
Incorporation of those conditions would result in a project that would have a degree of safety over any 
other typically constructed domestic oil pipeline system under current code and a degree of safety along 
the entire length of the pipeline system similar to that which is required in High Consequence Areas 
(HCAs) as defined in 49 CFR 195.450.  If either of the I-90 Corridor Alternatives were to be constructed, 
the 57 Special Conditions would be incorporated in construction, operation, and maintenance along that 
route.    

Based on the most recent PHMSA data for incidents associated with hazardous liquid pipelines (see 
Section 3.13.3.2), there is a statistical probability of 0.0007 incidents per mile of pipeline per year.  These 
incident statistics include all releases from pipelines of all ages and are therefore conservative when 
compared to the potential risk from new pipelines designed consistent with current regulations and 
industry standards.  The majority of pipeline releases are small as further discussed in Section 3.13.  
Additionally, no existing pipelines have been constructed and operated in compliance with the Project-
specific Special Conditions that would apply to the proposed Project.  

The Keystone Corridor Alternative would cross 86 more streams and rivers than the proposed Project.  
Although HDD would be used to cross major streams, many of the additional crossings would be 
constructed using one of the open cut methods described in Section 2.3.  As compared to the proposed 
Project route, this increase in the number of stream crossings represents an increase in the potential for 
impacts to water quality, fisheries resources, and the habitats that support those resources. 

Additionally, comments received in 2007 on the draft EIS for the Keystone Oil Pipeline Project are 
informative relative to the likelihood of public acceptance of a second pipeline paralleling that project.  
Specific concerns were expressed at that time from residents of North Dakota, South Dakota, and 
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Nebraska relative to the possibility of future pipelines following the Keystone pipeline route.  
Commenters from North Dakota expressed concern about the project’s effect on water supplies, including 
the water supplies for Fargo, North Dakota and the potential for contamination of the Sheyenne River 
drainage.  Contamination of that drainage could lead to transboundary impacts to Lake Winnipeg and the 
Hudson River drainage in Canada, as well as potential contamination of shallow aquifers.  Commenters 
from South Dakota were concerned about impacts of the Keystone Oil Pipeline Project crossing of the 
Missouri River, especially through a National Wild and Scenic River reach.  The Keystone Corridor 
Alternative would cross the Missouri River in the same reach.  Additional concerns were related to rural 
water supply impacts, including the WEB, Clark, Hanson, Turner McCook, Lewis and Clark, and B-Y 
water systems.   

Concerns raised in 2007 by commenters from Nebraska included the project route through Seward, 
Nebraska and potential impacts to the Seward water system.  In all three states, the presence of shallow 
groundwater aquifers beneath the Keystone route was a concern, including concerns about potential 
impacts to the NHPAQ system, which includes the Ogallala aquifer.  In essence, the Keystone Corridor 
Alternative, while reducing the distance over the shallow groundwater of the Sand Hills Unit of the 
NHPAQ system and other portions of the NHPAQ system, does not eliminate the risk to areas of shallow 
groundwater, rather it would transfer any spill risks to shallow aquifers in other regions, including other 
shallow aquifers within Nebraska. 

Further, the proposed Project route in the Sand Hills topographic region was selected to reduce erosion 
problems to the extent practicable, although some minor route re-alignments may be required during 
construction to avoid particularly erosion-prone locations such as ridge tops and existing blow-out areas 
(see the CMR plan in Appendix B of the draft EIS.  During the proposed Project design effort, local 
NRCS offices and regional experts on Sand Hills reclamation from the University of Nebraska, 
University of South Dakota, and Nebraska Department of Roads were consulted and their 
recommendations on routing, construction techniques, and restoration techniques to minimize potential 
damage to Sand Hills vegetation were incorporated into the proposed Project plan (see Section 3.2 and 
Appendix D of this SDEIS, and Appendices B and H of the draft EIS for additional information).  
Specific construction, reclamation, and post-construction activities would be employed in the Sand Hills 
topographic region based on the recommendations of these experts.  Keystone would incorporate these 
procedures into construction within the Sand Hills topographic region, for either the proposed Project 
route or the I-90 Corridor Alternatives.    

A comparison of the impacts on key environmental resources of the I-90 Corridor Alternatives to those of 
the proposed Project route is provided in Table 4.3.3-2.  The I-90 Corridor Alternatives would be 
approximately 70 miles longer than the proposed Project route and would affect at least 1,000 more acres 
during construction than the proposed Project route, including the 110-foot-wide construction ROW, extra 
work space areas, additional pipe and construction yards, and additional access roads.   

The I-90 Corridor Alternatives would parallel approximately 144.5 miles of I-90 or I-90 and state 
highways 16 and 50, about 12.1 miles of state highway 262 and the BNSF ROW, and about 246.4 miles 
of the existing Keystone ROW.  In comparison, the proposed Project route would parallel about 30 miles 
of existing ROWs.  As noted in the discussion of the criterion regarding use of existing ROWs in Section 
4.3.2.1, installation of a new pipeline along existing, cleared ROWs may be environmentally preferable to 
construction along new ROWs, and construction and operation effects and cumulative impacts can 
normally be reduced by the use of previously cleared ROWs.  However, if the new pipeline is installed in 
a ROW that is not within the existing ROW, the impacts may be similar to those of new construction that 
is not parallel to an existing ROW.  In this case, the I-90 Corridor Alternatives would be installed outside 
of the existing ROW. As with the Keystone Corridor Alternative, a portion of the I-90 Corridor 
Alternatives parallels the newly constructed Keystone Mainline.  In this area, construction of either I-90 
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Corridor Alternative would likely impact previously implemented or ongoing restoration activities along 
that corridor.  

The proposed Project route would affect almost 5 times more rangeland and grassland than the I-90 
Corridor Alternatives, or about 1,956 more acres.  This would represent an increase in the potential for 
impacts to rangeland and grassland soils, lost grazing areas and grazing time, and other short- to long-
term impacts to those areas as compared to the alternatives.   It would also increase the amount of 
compensation that Keystone would be required to provide for lost grazing opportunities and other 
damages.  The alternative route would affect about 1.5 times more agricultural land than the proposed 
Project route, or about 835 more acres.  This would result in increasing the potential for short- to long-
term impacts to soil, crop production, and other damages to agricultural land as compared to the impacts 
of the proposed Project.   

 

TABLE 4.3.3-2 
Impact Comparisons of the I-90 Corridor Alternatives  

and the Associated Segment of the Route  
Characteristic Proposed Route I-90 Corridor Alternatives  

Total Length (Miles) 333.0 403.1 / 404.5e 
Northern High Plains Aquifer System 
Crossed (Miles)a 247.2 144.9 

Land Cover (Acres)b 

Agricultural Land 1,698.3 2,533.7 

Developed Land 96.6 2,202.1 

Forested 21.5 38.4 

Rangeland/Grassland 2,521.3 564.7 

Wetlands 92.0 21.9 

Open Water 10.3 13.9 

Total 4,440.0 5,374.7 

Federal Land Ownership (Acres)c   

National Park Service (Missouri National 
Recreation Area) 0.0 26.4 

U.S. Army Corps of Engineers (Lake 
Francis Case) 0.0 13.0 / 15.0e 

Number of Stream Crossingsd     

Perennial 22 25 

Intermittent 157 200 

Total 179 225 

a Northern High Plains Aquifer from U.S. Geological Survey Water Resources Program.   
b Land Cover from USGS 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
c Federal lands from ESRI 2004a or National Park Service 2010a.  Acres calculated based on a 110-foot-wide ROW and the pipeline 
miles of each land use crossed. 
d Streams and rivers from ESRI 2004b. 
e I-90 Corridor Alternative B. 

 4-48 
Supplemental Draft EIS  Keystone XL Project 



 

The I-90 Corridor Alternatives would cross 46 more streams and rivers than the proposed Project.  
Although HDD would be used to cross the major streams, about 43 of the additional crossings would be 
constructed using one of the wet open cut methods described in Section 2.3.  As compared to the 
proposed Project route, this increase in the number of stream crossings represents a substantial increase in 
the potential for impacts to water quality, fisheries resources and the habitats that support the fisheries.     

The proposed Project would affect approximately 70 acres more wetlands than the I-90 Corridor 
alternatives (92 acres and 21.9 acres respectively) based on data in the National Land Cover Dataset 
(USGS 2001).  However, reviews of recent aerial photographs along the I-90 Corridor Alternatives 
suggest that there would be substantially more than 21.9 acres of wetlands affected by implementation of 
the alternatives, and USGS appears to have categorized some of the wetland areas as “developed land” 
that is adjacent to the I-90 corridor.  Although it is likely that the proposed Project would affect more 
wetland area than the alternatives, the difference is likely less than 70 acres.  Mitigation measures would 
be implemented to avoid or minimize the impacts to wetlands, and for jurisdictional wetlands, 
compensatory mitigation would likely be required as part of the USACE Section 404 permitting process. 

The alternative routes would also affect almost 20 times more acres of developed land (approximately 
2,201 acres versus 92 acres), including land within or near several communities along the routes.  These 
include Oacoma, Mitchell, Alexandra, and Emery, South Dakota.  Impacts in those areas would be related 
primarily to construction, although it is possible that both pump stations and MLVs could be in the 
vicinity of the developed areas and would affect visual quality and create noise impacts during operation.  
However, there has not been a hydraulic design of the I-90 Corridor Alternatives and it is not possible to 
identify the locations of pump stations or MLVs at this time.   

DOS received many comments in 2007 on the draft EIS for the Keystone Oil Pipeline Project.  Specific 
concerns were expressed at that time from residents of South Dakota and Nebraska relative to the 
possibility of future pipelines following the Keystone Mainline pipeline route.  Commenters from South 
Dakota were concerned about impacts of the Keystone Oil Pipeline Project crossing of the Missouri 
River, especially through a National Wild and Scenic River reach.  The Keystone Corridor Alternative 
would cross the Missouri River in the same reach.  Additional concerns were related to rural water supply 
impacts, including the WEB, Clark, Hanson, Turner McCook, Lewis and Clark, and B-Y water systems.   

Concerns raised in 2007 by commenters from Nebraska included the project route through Seward, 
Nebraska and potential impacts to the Seward water system.  In all three states, the presence of shallow 
groundwater aquifers beneath the Keystone route was a concern, including concerns about potential 
impacts to the NHPAQ system, which includes the Ogallala aquifer.  In essence, the I-90 Corridor 
Alternatives, while reducing the distance over the shallow groundwater of the Sand Hills Unit of the 
NHPAQ system and other portions of the NHPAQ system, would transfer the shallow groundwater risks 
to shallow aquifers in other regions, including other shallow aquifers within Nebraska. 

In summary, the I-90 Corridor Alternatives would not eliminate the risk of an accidental release from the 
pipeline, but would simply transfer that same risk from one portion of the NHPAQ to other groundwater 
aquifers, including other shallow aquifers within Nebraska.  Additionally, as depicted in Figure 4.3.3-6, 
the risk would be transferred from an area of relatively low ongoing groundwater usage within the Sand 
Hills topographic region to areas of high ongoing groundwater usage elsewhere.  In either case, the 
pipeline would be constructed using special techniques that would reduce potential construction impacts 
through the Sand Hills topographic region, and as a result of the 57 Project-specific Special Conditions, 
would be constructed in its entirety with a degree of safety over any other typically constructed domestic 
oil pipeline system under current code and a degree of safety along the entire length of the pipeline 
system similar to that which is required in HCAs as defined in 49 CFR 195.450. 
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In addition, the comparisons of key environmental issues and the greater area of impact of the I-90 
Corridor Alternatives suggest that the alternatives would not offer an overall environmental advantage 
over the proposed Project route.  Finally, crossing Lake Francis Case using the HDD method may not be 
technically feasible due to the length of the crossing, the height of the bluff on the eastern shore of the 
lake, and the depth of required boring.  Detailed engineering studies would be required to determine 
whether or not the HDD crossing is technically feasible, including geotechnical studies to determine 
whether or not the soil conditions in the bluff and under the river would be receptive to using HDD.  If 
HDD is not suitable, a wet-cut crossing using barges and bottom dredging would likely be required.  With 
this method there would be substantial construction impacts to water quality, fisheries habitats, benthic 
communities, and recreational uses as compared to the impacts of the proposed Project. 

As a result of these considerations, the I-90 Corridor Alternatives were eliminated at the screening level 
from further consideration. 

4.3.3.6 Baker Alternative 

The Baker Alternative was developed in response to an agency request made during the scoping period. 
The alternative deviates from the proposed route in the vicinity of Baker, Montana and extends through 
an area that had previously been disturbed by ongoing construction and operation of oil production and 
delivery systems (see Figure 4.3.3-1 and Figure 4.3.3-7).  The Baker Alternative would deviate from the 
proposed Project route in Fallon County, Montana and would extend for approximately 62.1 miles 
parallel to an existing pipeline ROW into Bowman County in southwest North Dakota.  The alternative 
would return to the ROW of the proposed Project in Harding County, South Dakota.  The Baker 
Alternative would be approximately 2.4 miles shorter than the segment of the proposed Project route it 
would replace.  It would also cross an existing oil and gas field southeast of Baker.  Within the existing 
oil and gas field, construction of the alternative would require special pipe crossing techniques.  
Construction could result in interruptions to crude oil production gathering systems and an increase in the 
potential for environmental impacts resulting from damage to gathering system pipelines.  There would 
also be a human health and safety concern, including potential injury to pipeline construction workers and 
the public, due to the proximity of the Baker Alternative to existing oil wells with the potential to release 
hydrogen sulfide.  A comparison of the impacts on key environmental resources of the Baker Alternative 
to those of the proposed route is provided in Table 4.3.3-3.  This alternative would extend through the 
Baker Lake watershed and would cross substantially less agricultural land and less forested land and 
wetlands than the comparable segment of the proposed route.  However, it would also cross more 
developed areas, rangeland and grassland, and streams and rivers than the proposed route and would 
affect a substantially larger area of BLM land. 

TABLE 4.3.3-3 
Impact Comparisons for the Baker Alternative and the  

Associated Segment of the Proposed Route  
Characteristic  Proposed Route Baker Alternative 

Total Length of Alternative (Miles) 851.6  849.1 

Length of Segment of Proposed Route and 
Baker Alternative (Miles) 64.5 62.1 

Land Use (Acres)a 

Agricultural Land 102.0 34.7 

Barren Land 0.0 1.2 

Developed Land 1.8 7.8 
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Forested 3.0 0.9 

Rangeland/Grassland 747.9 781.2 

Wetlands 5.3 2.2 

Open Water 0.0 0.0 

Total 860.0 828.0 

Federal Land Ownership (Acres)b   

Bureau of Land Management 2.7 163.8 

Number of Streams and /Rivers crossedc  37  47 

a Data in remainder of table are for the segment of the proposed route that would be replaced and for the Baker Alternative.  Land 
use from USGS 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
b Federal lands from ESRI 2004a.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use 
crossed. 
c Streams and rivers from ESRI 2004b. 

Implementation of the Baker Alternative would create additional unique environmental risks and safety 
concerns by crossing an existing oil and gas field and the alternative would not offer an overall 
environmental advantage over the segment of the proposed route it would replace.  Therefore the Baker 
Alternative was eliminated from further consideration.   

4.3.4 Western Alternative (Alternative to Both Steele City Segment and the Cushing 
Extension) 

The Western Alternative would substitute for both the Steele City Segment and the Cushing Extension.  
This approximately 1,277-mile-long alternative would enter the U.S. at Morgan and extend through 
Montana, South Dakota, Nebraska, Kansas, and Oklahoma to the control point at the southern end of the 
Cushing Extension as depicted on Figure 4.3.3-1.      

Although the Western Alternative would parallel the existing Express-Platte System corridor for 
approximately 350 miles, the existing easements along that corridor are in the control of a different 
company and it may not be possible to construct the alternative pipeline within the existing ROW.  
Therefore, construction of the alternative may result in the same impacts as construction of a pipeline of 
similar length that is not parallel and adjacent to an existing ROW. 

A comparison of the impacts on key environmental resources of the Western Alternative to those of the 
proposed route is provided in Table 4.3.4-1.  The Western Alternative would be approximately 426 miles 
longer than the proposed route and would affect about 6,000 more acres than the proposed route, 
including the 100-foot-wide construction ROW, extra work space areas, additional pipe and construction 
yards, and additional access roads.  The Western Alternative would affect substantially more agricultural 
land, developed land, forested land, rangeland and grassland, and wetlands than the proposed route.  It 
would also cross substantially more streams, rivers, and federal land than the proposed route.  The 
Western Alternative would avoid crossing the NHPAQ system and the Sand Hills topographic region of 
Nebraska.  The route would also avoid crossing the Charles M. Russell National Wildlife Refuge, the 
Medicine Bow National Forest, and the Pawnee National Grassland. 

The Western Alternative is not considered a reasonable alternative to the proposed Project due to the 
financial impracticability of constructing a pipeline that would be substantially longer than the proposed 
route.  In addition, the Western Alternative would not offer an overall environmental advantage over the 
proposed route.  Therefore, this alternative was eliminated from further consideration. 
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TABLE 4.3.4-1 
Impact Comparisons for the Proposed Route and the Western Alternative  

Characteristic Proposed Route Western Alternative 

Total Length (Miles) 851.6 1,277.4 

Land Use (Acres)a 

Agricultural Land 2,978.6 4,672.2 

Barren Land 6.3 55.3 

Developed Land 174.2 505.0 

Forested 33.0 327.8 

Rangeland/Grassland 8,006.7 11,136.4 

Wetlands 148.1 247.5 

Open Water 15.8 87.8 

Total 11,362.7 17,032.0 

Federal Land Ownership (Acres)b 

Bureau of Land Management 595.2 2,250.8 

Bureau of Reclamation 0.0 277.4 

National Park Service 0.0 0.0 

Total 595.2 2,528.2 

Number of Streams and Rivers crossedc  454  821 

a Land use from USGS 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
b Federal lands from ESRI 2004a or National Park Service 2010a.  Acres calculated based on a 110-foot-wide ROW and the 
pipeline miles of each land use crossed. 
c Streams and rivers from ESRI 2004b. 

4.3.5 Gulf Coast Segment Alternative Routes 

The Gulf Coast Segment extends from the southern end of the Cushing Extension to the proposed 
Project’s delivery point at Nederland, Texas.  Two route alternatives for the Gulf Coast Segment were 
identified: the proposed route (Alternative GCS-A) and Alternative GCS-B.  These alternatives are 
depicted on Figure 4.3.5-1 and compared below.   

The proposed route would be approximately 480 miles long and would parallel an existing natural gas 
pipeline corridor (Texoma Pipeline) from Cushing to Nederland (portions of the Texoma line have been 
sold and are operated by other companies, but the corridor is still intact).   The proposed Project route 
would avoid the Angelina National Forest in Angelina, Nacogdoches, San Augustine, and Jasper counties 
in east Texas along the shores of the Sam Rayburn Reservoir.  Alternative GCS-B would be west of the 
proposed route and closer to the Dallas-Ft. Worth metropolitan area than the proposed route and would 
extend east of Durant, Oklahoma. 

Both routes would extend through active and inactive oil and gas fields south of Cushing.  Approximately 
82 percent of the proposed route would parallel the existing ROWs of other linear facilities.  
Approximately 98 percent of Alternative GCS-B would parallel existing ROWs, including 190 miles of 
the Seaway Pipeline ROW south of Cushing before diverting to a path that would pass east of Lake 
Texoma.  It is not known whether Alternative SCS-B would be constructed within existing ROWs and 
therefore it is not clear that it would offer an environmental advantage over the proposed route due to the 
use of more existing ROWs.   
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Both alternative routes would avoid the Big Thicket Natural Preserve in Liberty County, Texas by routing 
the pipeline along the Texas highway.  The Big Thicket Natural Preserve is a combination of pine and 
cypress forest, hardwood forest, meadow, and blackwater swamp, and in 2001 the American Bird 
Conservancy designated the Big Thicket National Preserve as a Globally Important Bird Area (National 
Park Service 2010b).  The predominant ownership along the proposed route is private land, with less than 
1 percent of the ROW corridor owned by either the State of Oklahoma or Texas.    

A comparison of the impacts on key environmental resources of the two Gulf Coast Segment alternatives 
is provided in Table 4.3.5-1.  The proposed route would cross more wetlands and forested land than 
Alternative GCS-B.  However, Alternative GCS-B would cross more agricultural land, rangeland and 
grassland, developed land, more open water and rivers and streams than the proposed route.  In addition, 
Alternative GCS-B would be in close proximity to more developed areas along its route than the proposed 
route.  Alternative GCS-B would be 6 miles longer than the proposed route and would affect about 90 
more acres during construction, including the 110-foot-wide construction ROW, extra work spaces, 
additional contractor and pipe yards, and additional access roads.   

As a result, Alternate GCS-B would not offer an overall environmental advantage over the proposed route 
and was eliminated from further consideration.      

TABLE 4.3.5-1 
Impact Comparisons for the Gulf Coast Segment Alternatives 

Characteristic Proposed Route (Alternative GCS-A) Alternative GCS-B 

Length (Miles)  480  486 

Land Use (Acres)a 

Agricultural Land 1,646.4 1,974.8 

Barren Land 3.7 4.2 

Developed Land 346.1 381.8 

Forested 1,930.5 1,185.7 

Rangeland/Grassland 1,767.8 2,378.8 

Wetlands 747.6 552.8 

Open Water 8.5 20.6 

Total 6,450.6 6,498.7 

Number of Streams and Rivers crossedb  246  255 

a Land use from USGS 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
b Streams and rivers from ESRI 2004b. 

4.3.6 Houston Lateral Alternative Routes 

The Houston Lateral would extend from the Gulf Coast Segment to a point in the Moore Junction area 
east of Houston.  Moore Junction is a large area that extends to the north and south of the Houston Ship 
Channel and includes a large number of oil industry facilities.  Two route alternatives for the Houston 
Lateral were identified: the proposed Project route (Alternative HL-A) and Alternative HL-B.  These 
alternatives are depicted on Figure 4.3.6-1 and compared below.  As indicated on Figure 4.3.6-1, the 
alternatives have different starting and ending points.   

The proposed route would be 48.6 miles long and would initiate at a point on the Gulf Coast Segment in 
central-east Liberty County.  From there it would extend south and west through Chambers County to 
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Harris County, ending near Moore Junction, north of the Houston Ship Channel.  Approximately 40 
percent of the proposed route would parallel other utility corridors.   

Alternative HL-B would start at Nederland (Jefferson County) and extend in a west-southwest direction to 
a point north of the main body of Galveston Bay, then extend to the southwest and would terminate near 
Moore Junction, south of the ship channel.  The route would be approximately 77.4 miles long with 97 
percent of the route paralleling other utility corridors.  It would extend through Jefferson, Liberty, 
Chambers, and Harris counties.  Although Alternative HL-B would be parallel to substantially more 
existing ROWs, it is not known whether it would be constructed within existing ROWs and therefore it is 
not clear that it would offer an environmental advantage over the proposed route due to the use of more 
existing ROWs. 

Alternative HL-B would be about 30 miles longer than the proposed route and would affect about 400 
more acres during construction, including the 110-foot-wide construction ROW, extra work spaces, 
additional contractor and pipe yards, and additional access roads.   

The southwestern end of the proposed route would extend through heavily developed urban areas in the 
east Houston area.  Both the beginning and ending portions of Alternative HL-B would also extend 
through heavily developed urban areas.     

The proposed route would extend through approximately 4 miles of land within the Coastal Zone 
Management Area (CZMA) along the Gulf Coast.  Any project that may affect land or water in the Texas 
coastal zone and that requires a federal license or permit must be reviewed for consistency with the Texas 
Coastal Management Program.  Assuming a 110-foot-wide construction ROW, there would be 
approximately 60 acres affected within the CZMA in Harris County, including extra work spaces and 
additional access roads.  It is not likely that contractor and pipe yards would be required within that 
distance.      

Alternative HL-B would cross approximately 31 miles of land within the CZMA in Harris and Chambers 
counties, and construction would disturb about 450 acres, including the 110-foot-wide construction ROW, 
extra work spaces, additional contractor and pipe yards, and additional access roads.  As a result, 
Alternative HL-B would affect about 390 more acres in the CZMA than the proposed route.  Alternative 
HL-B would likely encounter greater regulatory barriers than the proposed route due to its proximity to 
the Gulf Coast and due to the area of the coastal zone that would be affected.  

Alternative HL-B would require a marine crossing of an arm of Galveston Bay in the vicinity of the 
Houston Ship Channel.  The crossing distance would be approximately 1.8 miles, and would produce 
impacts to benthic communities and nearshore environment along the proposed route.  In comparison, the 
proposed Project route would not cross any portion of Galveston Bay.   

A comparison of the impacts on key environmental resources of the two Houston Lateral alternatives is 
provided in Table 4.3.6-1.  The proposed Project route would cross less agricultural land, less developed 
land, less rangeland and grassland, and fewer streams, rivers, and other open water than Alternative HL-
B.  However, it would also cross through more wetlands and federal lands than Alternative HL-B. 

As compared to proposed route, Alternative HL-B would be longer and would have a larger area of 
impact due to construction, would have substantial coastal zone concerns, would cross more developed 
land in urban areas, and more rivers, streams, rangeland and grassland, and agricultural land.  Most 
importantly, it would involve a marine crossing of an arm of Galveston Bay.  As a result, Alternative HL-
B would not offer an overall environmental advantage over the proposed route and was eliminated from 
further consideration.   
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TABLE 4.3.6-1 
Impact Comparisons for the Houston Lateral Alternatives 

Characteristic Proposed Route (Alternative HL-A) Alternative HL-B 

Total Length (Miles) 48.6 77.4 

Land Use (Acres)a 

Agricultural Land 286.5 438.7 

Barren Land 0.0 0.3 

Developed Land 27.4 208.5 

Forested 27.1 11.7 

Rangeland/Grassland 66.6 182.4 

Wetlands 236.5 165.5 

Open Water 3.9 24.9 

Total 648.0 1,032.0 

Federal Land Ownership (Acres)b   

U.S. Fish and Wildlife Service  46.7 18.7 

Number of Streams and Rivers 
crossedc  12  28 

a Land use from USGS 2001.  Acres calculated based on a 110-foot-wide ROW and the pipeline miles of each land use crossed. 
b Federal lands from ESRI 2004a or National Park Service 2010a.  Acres calculated based on a 110-foot-wide ROW and the 
pipeline miles of each land use crossed. 
c Streams and rivers from ESRI 2004b. 

4.3.7 Route Variations  

A variation is a relatively short deviation from a proposed route that is developed to resolve or reduce 
construction impacts to localized, specific resources such as cultural resource sites, wetlands, recreational 
lands, residences, and terrain conditions.  Variations are different from major route alternatives in that 
alternatives are typically substantial distances from proposed pipeline routes, are generally much longer 
than variations, and are developed to reduce overall environmental impacts, reduce or eliminate 
engineering and constructability concerns, and avoid or minimize conflicts with existing or proposed 
residential and agricultural land uses  while meeting the goals of a project.  Although route variations also 
may be many miles in length, they are typically shorter and nearer to a proposed route than a major route 
alternative.  Many requests for variations were submitted by concerned landowners during the review 
period for the draft EIS as well as in direct negotiations with Keystone as design of the proposed route 
progressed. 

Because most route variations were identified to avoid or minimize specific environmental impacts and 
land use conflicts, in response to landowner comments, and to increase the use of public land in Montana 
consistent with the requirements of MFSA, they may not in all cases display a substantial environmental 
advantage over the segments of the proposed Project route that they would replace.  Since the variations 
are generally close to the route segments they would replace and for the most part extend across similar 
terrain, the construction methods would be essentially the same and the visual character of the variations 
would be essentially the same as that of the proposed Project after reclamation is complete.  In most 
cases, the impacts associated with implementation of the variations would be essentially the same as the 
impacts that would result from construction and operation of the route segments that the variations would 
replace.  
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Route variations assessed in this analysis include: 

• Variations in Montana (Section 4.3.7.1); 

• Niemi Variation in South Dakota (Section 4.3.7.2); and 

• Minor Realignments Negotiated with Landowners (Section 4.3.7.3). 

4.3.7.1 Montana (New Section) 

In Montana, MFSA and MEPA require that MDEQ implement a specific process to identify landowner 
concerns, preferential use of public lands, and other considerations to develop alternatives to proposed 
routes.  A detailed discussion of the requirements of MFSA and MEPA is included in Section 1.0 of 
Appendix I to the draft EIS.  As noted in that section, MDEQ must identify the route that minimizes 
adverse environmental impacts and uses public land (which may include federal land) whenever the use 
of public lands is as economically practicable as the use of private land before it can approve the proposed 
Project or any alternative to the proposed Project.   

In addition to the alternatives described in Sections 4.1, 4.2, and 4.3.1 through 4.3.6, MDEQ required that 
Keystone identify and assess two additional alternative routes in Montana that would increase the use of 
public lands in comparison to the proposed route.  These alternative routes were developed using a GIS 
database model (i.e., ground surveys were not conducted) that incorporated a set of weighted 
environmental factors agreed to by MDEQ.  Using that approach, the Canada to North Dakota (CND) and 
Canada to South Dakota (CSD) alternatives were developed and compared at a screening level to the 
proposed route relative to environmental impacts and the use of public lands.  As described in detail in 
Section I-2.0 of Appendix I to the draft EIS, both routes were eliminated from further consideration as a 
result of this screening analysis.  However, MDEQ identified portions of the CSD Alternative that would 
cross more public land than the segments of proposed Project route they would replace and considered 
them as potential route variations.  MDEQ also identified additional route variations that would avoid or 
minimize impacts to specific resources, minimize conflicts with existing or proposed residential and 
agricultural land uses, and that responded to requests submitted by concerned landowners during both the 
scoping period and the draft EIS comment response period. 

In total, MDEQ identified 19 potential route variations in Montana and prior to the draft EIS, 
preliminarily selected 9 of these variations as preferable to the segments of the proposed route that they 
would replace.  As a result of continuing review and analysis, MDEQ has revised its selection of potential 
route variations and will develop a preferred route that includes portions of the proposed Project route and 
selected route variations out of a total suite of nearly 100 potential route variations assessed.  MDEQ 
mailed a certified letter to each of the landowners affected by these potential variations and requested 
comments.  In addition, where requested, MDEQ staff met affected landowners in the field to further 
describe the routing variations and listen to landowner concerns and suggestions for further adjustments.  
These variations will be addressed in the final EIS.  Beginning in mid to late April, these suggested 
routing variations in Montana can be viewed at MDEQ’s web site:  
http://svc.mt.gov/deq/wmaKeystoneXL/.  MDEQ will continue to consider these and other route 
variations prior to completing the MFSA review process and issuing a Certificate of Compliance.  The 
variations that MDEQ may ultimately select are relatively close to the proposed Project route segments 
they would replace.  Both DOS and MDEQ have conducted environmental reviews of the proposed 
Project route in Montana as reported in this EIS.  MDEQ maintains information related to the proposed 
Project on its website located at: http://deq.mt.gov/MFS/KeystoneXL/KeystoneXLIndex.mcpx.  Along 
with information related to Keystone’s application and the EIS review and comment process, the website 
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also provides an interactive map detailing available updates to the proposed Project variations in Montana 
and the MDEQ suggested variations.  Though the website is intended to provide the most up-to-date data 
when available, information not provided on the site will be included in the final EIS. 

4.3.7.2 South Dakota (New Section) 

As a result of negotiations with two landowners in the vicinity of Buffalo, South Dakota, Keystone 
surveyed the landowners’ properties and developed a route variation that would avoid areas that were 
being developed for commercial excavations of paleontological resources.  The variation, termed the 
Niemi Route Variation, diverts from the proposed route just north of MP 309 on the Steele City Segment, 
and returns to the proposed route just north of MP 315.  The segment of the proposed route that would be 
replaced is about 6.56 miles long, and the variation is about 7.02 miles long, or about 0.46 miles longer 
than the proposed route.  The routes of the variation and the segment of the proposed route it would 
replace are depicted on Figure 4.3.7-1 and the impacts of the two routes on key environmental resources 
are compared in Table 4.3.7-1. 

The variation is slightly longer than the proposed route, but would cross less state land than the segment 
of the proposed route it would replace.  Both the variation and the segment of the route it would replace 
have one isolated cultural resources find, and neither is eligible for nomination to the NRHP.  The 
Keystone survey identified a rock cairn along the route of the variation.  The site is potentially eligible for 
the NHRP, but impacts would be mitigated through construction avoidance methods including necking 
and fencing.   

As noted in Table 4.3.7-1, the variation would cross 4 more intermittent streams and 3 more wetlands 
than the proposed route.  Impacts to these resources would be avoided or minimized by incorporating the 
permitting requirements of the USACE Nationwide Permit and the procedures described in Keystone’s 
CMR plan (Appendix B of the draft EIS).   

During 2009 field surveys, sage grouse leks were not identified near either the proposed Project route or 
the Niemi Route Variation.  However, data from the South Dakota Game, Fish and Parks Department 
indicates that there are two historic (inactive) leks about 0.2 mile southwest of the Niemi Route Variation.  
Raptors, raptor nests, or bald eagle winter roost sites were not identified during aerial raptor surveys 
conducted in February and April 2009 along either the proposed route or the Niemi Route Variation. 

Field surveys conducted in November 2010 determined that (1) the proposed route would cross multiple 
locations of known paleontological resources as well as an ongoing commercial paleontological 
excavation, and (2) the variation would cross three “significant” (as defined by BLM) paleontological 
areas, all of which are on private land.  Prior to construction surface collections of paleontological 
resources along the variation would occur and during construction the ROW would be monitored by a 
qualified paleontological expert.   

The Niemi Route Variation would replace a short segment of the overall proposed Project, is relatively 
close to the proposed route; addresses a specific issue relevant to landowners; would be implemented in 
accordance with applicable regulatory requirements of federal, state, or local permitting agencies; and 
would have environmental impacts similar to those of the segment of the proposed route it would replace.  
As a result, incorporation of the Niemi Route Variation into the proposed Project, with implementation of 
the procedures described above, is acceptable to DOS.   



 

TABLE 4.3.7-1 
Comparison of Niemi Route Variation with the Segment of the Route it Would Replace 

 
Miles of Land Crossed  
(except where noted)   

Miles of Land Crossed 
(except where noted) 

 

Item 
Proposed 

Route Segment 

Niemi 
Route 

Variation Difference Item 
Proposed Route 

Segment 

Niemi 
Route 

Variation Difference 
Length  6.56 7.02 -0.46 Slopee    

Land Covera    < 5% 6.44 6.93 -0.49 

Agriculture 0.45 0.37 +0.08 ≥ 5% and ≤ 15% 0.12 0.09 +0.03 
Developed 0.13 0.08 +0.05 > 15% and ≤ 30% 0.00 0.00 0.00 
Rangeland 5.98 6.57 -0.59 > 30% 0.00 0.00 0.00 

Total 6.56 7.02 -0.46 Number of Water Wells within 
100 ftf 0 0 0 

Land Ownershipb    Number of Residences    

State of South Dakota 0.51 0.48 +0.03 Residences within 25 ft 0 0 0 
Private Land 6.05 6.54 -0.49 Residences within 500 ft 0 0 0 
U.S. Bureau of Land Management 0.00 0.00 0.00 Number of Structures    
Total 6.56 7.02 -0.46 Structures within 25 ft 0 0 0 
Number of Private Properties 2 2 0 Structures within 500 ft 0 0 0 
Number of Road Crossingsc    Cultural Resource Findings    
Major Roads 1 1 0 
Minor Roads 1 0 +1 

 Total 1 0 +1 
Cultural Findings  1 Not Eligible 

1 Not 
Eligible, 1 
Potentially  

Eligible 

-1 Potentially 
Eligible 

Number of Stream Crossingsd    Paleontological Findings 1 Significant, 2 
Non- Significant 3 Significant 

-2 Significant, 
+2 Non- 

Significant 
Perennial Streams  0 0 0 Number of Grouse Leksg    
Intermittent Streams 5 1 +4 Sage-Grouse within 4 miles 0 0 0 
Total 5 1 +4 Wetlandsg 2 (PEM) 5 (PEM) -3 (PEM) 
    Areas with Noxious Weedsg 1 0 +1 

    Number of Waterbodiesg 5 ephemeral 1 stream, 1 
ephemeral 

-1 stream, +4 
ephemeral 
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a Land use from USGS 2001. 
b Federal lands from ESRI 2004a.  State land from South Dakota GIS, 2010.  
c Roads from ESRI 2003. 
d Streams and rivers from ESRI 2004b. 
e Slope from USGS 2002. 

 

f Well Locations from South Dakota Department of Environment and Natural 
Resources 2010.  
g Data from Trow Engineering Consultants 2010; Note: the variation was surveyed, the 
proposed route segment survey was incomplete. 

  
 



 

4.3.7.3 Minor Realignments Negotiated with Landowners 

During detailed design of the proposed route and the associated continuing field surveys, areas along the 
proposed route were identified that would require minor deviations to avoid small but sensitive resources, 
that would require difficult construction procedures, or that were concerns to landowners due to potential 
conflicts with existing land uses.  As a result, many route variations were identified that would replace 
segments of the proposed Project route.  These variations would replace short segments of the proposed 
Project, are relatively close to the proposed route and would be implemented in accordance with 
applicable regulatory requirements of federal, state, or local permitting agencies (see Appendix W of the 
draft EIS).  As a result, incorporation of these variations into the proposed Project in place of the 
segments they would replace is acceptable to DOS.     

4.3.8 Agency-Preferred Route 

Alternatives were developed and assessed based on information provided in the Presidential Permit 
application and supplemental submittals related to the application, information provided by the 
cooperating agencies, public comments received in the scoping process and on the draft EIS, and 
information obtained from research of relevant available information conducted by DOS and its third-
party contractor.   

Based on the assessment of alternatives described above, the DOS-preferred route consists of the 
following alternatives by segment: 

• Steele City Segment: Alternative SCS-B (including route variations in Montana selected by 
MDEQ, the Niemi Route Variation, and minor route realignments listed in Appendix W of the 
draft EIS); 

• Existing Cushing Extension (including two new pump stations);  

• Gulf Coast Segment: Alternative GCS-A; and 

• Houston Lateral: Alternative HL-A. 

4.4 ALTERNATIVE PIPELINE DESIGN 

DOS received comments on the draft EIS requesting consideration of the alternative of constructing the 
pipeline above ground and comments requesting that we consider the alternative of using smaller 
diameter pipe for the Project.  Those two alternatives are addressed in the following sections: 

• Aboveground Pipeline (Section 4.4.1); and 

• Smaller Diameter Pipe (Section 4.4.2). 

4.4.1 Aboveground Pipeline 

Although it is technically feasible to construct the proposed Project pipeline aboveground in most areas 
along the proposed route, there are many disadvantages to an aboveground pipeline.  In comparison to an 
aboveground pipeline, burying a pipeline reduces the potential for pipeline damage due to vandalism, 
sabotage, and the effects of other outside forces, such as vehicle collisions.  Further, there has been 
increased concern about homeland security since the September 11, 2001 attacks, and burying the 
pipeline provides a higher level of security.   
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In addition, an aboveground pipeline would be more susceptible to the effects of ambient temperature, 
wind, and other storm events.  Construction of an aboveground pipeline would also require exposing the 
pipeline above rivers (e.g., hung from a bridge or constructed as a special pipeline span) and roadways 
where it would be more accessible to those intent on damaging the pipeline.   

Nearly all petroleum transmission pipelines in the U.S. are buried.  As stated in Section 2.3, the proposed 
Project would be constructed, operated, maintained, inspected, and monitored in compliance with the 
PHMSA requirements presented in 49 CFR 195, relevant industry standards, applicable state standards, 
and a set of Project-specific Special Conditions developed by PHMSA and incorporated into the proposed 
Project design, operations, maintenance and monitoring commitments.  Construction, operation, 
inspection, and maintenance of the Project in this manner would result in a pipeline system with a higher 
degree of safety than any other domestic oil pipeline system and with a higher degree of safety along the 
entire length of the pipeline system than is required in HCAs as defined in 49 CFR 195.450. 

As a result, an aboveground pipeline is not a reasonable alternative for the proposed Project and was not 
further considered. 

4.4.2 Smaller Diameter Pipe 

As noted in Section 1.2.2, the Project has been proposed to transport a maximum capacity of 830,000 bpd 
of crude oil to meet current and future market demand for heavy crude oil in PADDs II and III.  A 
pipeline system with a pipe diameter that is less than the proposed Project’s 36-inch-diameter pipeline 
would have lower throughput capacities and would not be capable of providing this volume of crude.   

Even if a smaller diameter pipe were commercially viable, construction of smaller lines would have 
essentially the same impacts as those of the proposed 36-inch-diameter pipe since the construction right-
of-way width would be approximately the same for all but the smallest diameter pipe.  The working ROW 
dimensions of pipeline construction are primarily related to the size of construction vehicles and the need 
for working space near the pipeline trench, not the diameter of the pipe itself.  For all pipelines over 30 
inches in diameter, the working ROW dimensions would be essentially the same.   

The proposed pipeline is sized to efficiently deliver the volume of crude oil proposed to be transported by 
the proposed Project (i.e., an initial capacity of 700,000 bpd and an ultimate maximum capacity of 
830,000 bpd with increase pumping capacity).  While there are limitations to the ultimate capacity of 
throughput based on pipeline diameter, the operational throughput is a function of pipeline diameter, 
pipeline operating pressure, and crude oil flow velocity.  Therefore, to achieve a throughput that would 
meet the purpose of the proposed Project, a smaller-diameter pipeline would have to operate at higher 
pressures and flow velocities, and it is not likely that those pressures and velocities would be in 
compliance with PHMSA regulations.  Further, even with high pressure and velocity, it is unlikely that a 
30-inch-diameter pipeline would be capable of transporting the volumes proposed for transport in the 
Project.  In addition, as of February 2011, Keystone had firm contract commitments to transport 600,000 
bpd of crude oil to Cushing (155,000 bpd of WCSB crude oil for delivery to Cushing that is currently 
contracted for shipment on the Keystone Mainline, 380,000 bpd of WCSB crude oil for delivery to the 
Gulf Coast, and 65,000 bpd of Bakken crude oil).  If a smaller-diameter pipeline were installed, it would 
likely be necessary to install an additional pipeline to meet those initial commitments.   

As a result, use of a smaller diameter pipe for the Project was not considered a reasonable alternative and 
installing more than one smaller diameter pipe to meet the purpose of and need for the proposed Project 
would not offer an overall environmental advantage over the proposed Project design.  Therefore, this 
potential alternative was eliminated from further consideration.  
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4.5 ALTERNATIVE SITES FOR ABOVEGROUND FACILITIES 

The major aboveground facilities of the proposed Project consist of pump stations, MLVs, and the 
Cushing Tank Farm.  Alternative sites for those facilities are addressed in the following sections: 

• Alternative Pump Station Sites (Section 4.5.1); 

• Alternative MLV Sites (Section 4.5.2); and  

• Alternative Tank Farm Sites (Section 4.5.3). 

Pig launching and receiving facilities would be located within pump stations, and therefore alternate sites 
for those facilities are not addressed separately.   

4.5.1 Alternative Pump Station Sites 

All pump stations for the proposed Project would be sited within the permanent ROW.  As a result, 
alternate locations for pump stations were included in general in the assessment of alternate pipeline 
routes discussed in Section 4.3.  The specific sites selected for pump stations were based on system 
hydraulics, and there would be a minimal distance along the pipeline corridor for alternate pump station 
sites due to the pumping requirements of each portion of the system.  Minor modifications in pump 
station footprint location may occur as a result of input from appropriate regulatory authorities. 

4.5.2 Alternative MLV Sites 

All MLVs for the proposed Project would be sited within the permanent ROW.  As a result, alternate 
locations for MLVs were included in general in the assessment of alternate pipeline routes discussed in 
Section 4.3.  In addition, the locations of MLVs must be in compliance with 49 CFR 195.260 and the 
specific conditions related to MLVs included in the Project-specific Special Conditions developed by 
PHMSA that Keystone has agreed to incorporate into the Project (see Appendix C of this SDEIS).  As a 
result, there is little option to install MLVs at alternative sites.  However, MLV locations have been 
selected to avoid sensitive environmental resources to the extent practicable while complying with the 
PHMSA regulatory requirements and will be modified to comply with the relevant Project-specific 
Special Conditions developed by PHMSA and incorporated into the proposed Project specifications.  

4.5.3 Alternative Tank Farm Sites 

Initially, the proposed Project included a tank farm at Steele City, Nebraska. That location would have 
provided opportunities for batch shipment on either the proposed Project or the existing Keystone 
Mainline pipeline.  It was later determined that installing the tank farm at Cushing would be preferable 
from an operational perspective and would provide better options for delivery systems interconnection 
and tankage installation for the Bakken Marketlink and the Cushing Marketlink projects if either or both 
of those projects are implemented (see Sections 2.5.3 and 2.5.4 for information on the potential Bakken 
Marketlink and Cushing Marketlink projects).   

The proposed Cushing tank farm site was selected to be adjacent to the proposed site of pump station 32.  
It is also less than 0.5 mile from the existing Cushing Oil Terminal, which is the largest oil terminal in the 
U.S.  Siting near the pump station and the existing terminal would avoid disturbance to areas farther from 
the facility and would eliminate the need for a connecting pipeline extending beyond the proposed ROW. 
As described in Section 3.0, construction and operation of the Cushing tank farm would not result in 
substantial impacts.    As a result, there do not appear to be any alternative tank farm sites that would 
offer an overall environmental advantage to the proposed site.   
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KEYSTONE XL PROJECT

Figure 2.5.3-1

Planned Bakken Marketlink
Facilities near Baker, Montana
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Figure 2.5.3-2
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Figure 2.5.3-3 

KEYSTONE XL PROJECT  
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Figure 2.5.3-4
KEYSTONE XL PROJECT Cushing Tank Farm

Proposed Plot Plan
:
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KEYSTONE XL PROJECT

Figure 3.3.1-1
Key Aquifers and

Potable Water Wells
within 2-mile Corridor

(Montana)

Notes: bgs is below ground surface.
Static water and total well depths at 0 feet
might be inaccurate.

Key Aquifers

Estimated Depths to Groundwater
Categories:

Proposed Keystone XL Project

Lower Tertiary Aquifers (Fort Union Aquifer/Lower Yellowstone Aquifer)
Confining Unit (Glacial Till/Glacial Outwash)
Upper Cretaceous Aquifers (Hells Creek/Fox Hills Aquifers)

A - Very Shallow Water Depth (Static Water ≤ 10 feet and
Total Well Depth ≤ 50 feet bgs) (51)
B - Shallow Water Depth (Static Water > 10 feet and ≤ 50 feet and
Total Well Depth ≤ 50 feet bgs) (22)
C - Unclear Water Depth (Static Water ≤ 10 feet and
Total Well Depth > 50 feet bgs) (46)
D - Unclear Water Depth (Static Water > 10 feet and ≤ 50 feet and
Total Well Depth > 50 feet bgs) (38)
E - Deep Water Depth (Static Water > 50 feet and
Total Well Depth > 50 feet bgs) (59)
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KEYSTONE XL PROJECT

Figure 3.3.1-2
Key Aquifers and

Potable Water Wells
within 2-mile Corridor

(South Dakota)

Key Aquifers

Northern High Plains Aquifer System
Hydrogeologic Unit

Estimated Depths to Groundwater
Categories:

Notes: bgs is below ground surface.
Deep water depth
also includes deep-screened artesian wells.
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Confining Unit (Pierre Shale)
Paleozoic
Upper Cretaceous (Fox Hills/Hells Creek Aquifers)

Brule and Arikaree Formation (BRAK)
Eastern Nebraska Formation (EAST)
Ogallala Formation (OGAL)
Platte River Valley Formation (PLAT)
Sand Hills (SAND)

Proposed Keystone XL Project

A - Very Shallow Water Depth (Static Water ≤ 10 feet and
Total Well Depth ≤ 50 feet bgs) (11)
B - Shallow Water Depth (Static Water > 10 feet and ≤ 50 feet and
Total Well Depth ≤ 50 feet bgs) (13)
C - Unclear Water Depth (Static Water ≤ 10 feet and
Total Well Depth > 50 feet bgs) (5)
D - Unclear Water Depth (Static Water > 10 feet and ≤ 50 feet and 
Total Well Depth > 50 feet bgs) (40)
E - Deep Water Depth (Static Water > 50 feet and
Total Well Depth > 50 feet bgs) (58)

!(

XW

#*

!(

")



")")")")")")")")")
")")")")
")")
")")")")")")")")
")")")")")")")")
")")")")")")")")")")")")")")

")")")")")")")")")")")
")")")")")")
")")")")")")")")")")")
")")")")")")")")")")")")")")")")")
")")")")")")")")")")")

")")")")")")")")")")")")")
")")")")")")")")")
")")")")")")
")

")")")
")")")")")")")")")
")")")")")")")")")")")")")")")")

")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")
")")")")")")")")")")")
")")")")")")")")")")")")
")")")")")")")")")")")
")")")")")
")")")")")")")")")")")

")")")")")")")")")") ")")") ")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")

")")")")")")
")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")")

")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")")")")")")")

")")")")")")")")")")")")")")")")")")")
")")")")")")")")")")")")")")")")")")")

")")")")")")")")")")")")")")")")
")")")")")")

")")

")
")")
")")")")

")")
")")

")")
")")
")")")")")")")

")")")")")
")
")")")
")")")")")")

")")")

")

")")")

!(
!(
!(

!(!(

!(!(
!(!(!(!(!(!(!(!(!(

!(!(
!(!(
!(!(

!(!(!(!(!(!(!(!(!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(
!(!(!(!(!(!(!(
!(

!(!(!(

!(!(!(!(!(!(!(
!(!(
!(!(!(!(
!(!(

!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(

!(!( !(!(!(!(!(!(!(!(!(!(!(!(!(
!(

!(!(!(!(

!(!(!(!(!(!(
!(

!(
!(!(!(!(

!(

!(!(
!(!(!(!(!(!(!(!(

!(!(
!(

!(!(

!(!(!(!(!(!(!(!(!(!(
!(!(!(

#*

#*

#*

#*

#*
#*
#*

#*#*

#*
#*

#*#*#*#*
#*#*#*#*#*#*#*#*#*#*#*#*#*#*

#*#*#*#*#*#*#*#*#*#*#*#*
#*#*#*

#*#*
#*#*#*
#*#*

#*#*
#*#*#*#*#*

#*

#*#*#*#*#*#*#*#*#*#*#*#*

#*

#*

#*#*

#*#*
#*#*#*#*#*
#*#*
#*#*#*#*
#*#*
#*#*#*#*#*
#*#*
#*#*#*#*#*

#*#*#*#*
#*#*#*#*#*

#*#*
#*

#*

XW

XWXW
XWXWXWXW

XWXWXWXWXWXWXWXWXW
XWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXW
XWXWXWXWXWXWXWXWXWXWXWXWXWXWXWXW

!(

!(

!(

!(

!(!(!(
!(!(!(

!(!(!( !(!(!(

!(!(

!(!(
!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(
!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!( !(!(!(!(!(!(!(!(!(!(!( !(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!( !(!(!(!(!(!(!(!(!(!(!(!(!(!(!( !(!(!(!(!( !(!(!( !(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(!(

!(!(

!(

!(

!(!(

K A N S A S

Platte River Valley (PLAT)

Gage

N e b r a s k a

S o u t h  D a k o t a

Sand Hills (SAND)

Eastern Nebraska (EAST)

Ogallala Formation (OGAL)

Eastern Nebraska (EAST)

Platte River Valley (PLAT)

Ogallala Formation (OGAL)

Ogallala Formation (OGAL)

HOLT

CUSTER

KNOX

ROCK

GAGE

BROWN

CLAY

HALL

CEDAR

BUFFALO

LOUP

DAWSON
YORK

BOYD

BOONE

PLATTE

SALINE

POLK

ADAMS

ANTELOPE
PIERCE

DIXON

BUTLER

VALLEY

THAYER

CUMING

DODGE

BLAINE

LANCASTER

PHELPS

SEWARD

HOWARD

NANCE

KEYA PAHA

MADISON

GREELEY

WAYNE

SAUNDERS

FILLMORE

WEBSTER

WHEELER

FRANKLIN

GARFIELD

SHERMAN

GOSPER KEARNEY

HAMILTON

MERRICK

NUCKOLLS

COLFAX

JEFFERSON

STANTON BURT

DAKOTA

THURSTON

FRONTIER

0 10 205 Miles
µ

Data Sources: NHPAQ - USGS; 
Water Wells - NEDNR, 2011; Basemap - ESRI.

KEYSTONE XL PROJECT

Figure 3.3.1-3
Key Aquifers and

Potable Water Wells
within 2-mile Corridor

(Nebraska)

Notes: bgs is below ground surface.
Static water and total well depths at 0 feet
might be inaccurate.

Northern High Plains Aquifer System
Hydrogeologic Unit

Estimated Depths to Groundwater
Categories:

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Brule and Arikaree Formation (BRAK)
Eastern Nebraska Formation (EAST)
Ogallala Formation (OGAL)
Platte River Valley Formation (PLAT)
Sand Hills (SAND)

A - Very Shallow Water Depth (Static Water ≤ 10 feet and Total Well Depth ≤ 50 feet bgs) (183)
B - Shallow Water Depth (Static Water > 10 feet and ≤ 50 feet
and  Total Well Depth ≤ 50 feet bgs) (62)
C - Unclear Water Depth (Static Water ≤ 10 feet and Total Well Depth > 50 feet bgs) (115)
D - Unclear Water Depth (Static Water > 10 feet and ≤ 50 feet and Total Well Depth 
> 50 feet bgs) (205)
E - Deep Water Depth (Static Water > 50 feet and Total Well Depth > 50 feet bgs) (629)
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Figure 3.3.1-4
Key Aquifers and

Potable Water Wells
within 2-mile Corridor

(Oklahoma)

Notes: bgs is below ground surface.
First water and total well depths at 0 feet
might be inaccurate.

Key Aquifers

A - Very Shallow Water Depth (Static Water 
≤ 10 feet and Total Well Depth ≤ 50 feet bgs) (1)

C - Unclear Water Depth (Static Water ≤ 10 feet
and Total Well Depth > 50 feet bgs) (41)
D - Unclear Water Depth (Static Water > 10 feet
and ≤ 50 feet and Total Well Depth > 50 feet bgs) (60)
E - Deep Water Depth (Static Water > 50 feet
and Total Well Depth > 50 feet bgs) (64)

B - Shallow Water Depth (Static Water > 10 feet
and ≤ 50 feet and  Total Well Depth ≤ 50 feet bgs) (2)

")

!(

Estimated Depths to Groundwater
Categories:

Antlers (An)
Arbuckle-Simpson (AS)
Arbuckle-Timbered Hills (AT)
Arkansas River (Ar)
Blaine (Bl)
Canadian River (Ca)
Cimarron River (Ci)
Elk City (EC)
Enid Isolated Terrace (EIT)
Garber-Wellington (GW)
Gerty Sand (GS)
North Canadian River (NC)
North Fork of the Red River (NFR)
Ogallala (Og)
Red River (Re)

Roubidoux (Rb)
Rush Springs (RS)

Salt Fork of the Arkansas River (SFA)
Tillman Terrace (TT)
Vamoosa-Ada (VA)
Washita River (Wa)

Proposed Keystone XL Project
Existing Keystone Cushing Extension

!(

#*

XW



")
")")")")
")") ")

")
")

")
")")
")")")
")
")

")")

")

")")")")

")

")

")")

")")

")")")

")

")

")
")")")

")")")")
")")
")")")

")

")

")")")

")

!(

!(
!(!(
!(!(
!(!(!(

!(

!(

!(!(

!(

!(!(

!(
!(

!(

!(

!(

!(

!(

!(
!(

#*

#*

#*

#*

#*

#*

#*

#* #*#*#*

#*

#*
#*#* #*#* #*#*#*#* #*#* #*#*#*#*#*

#*#*

#*

#*#*
#*#*#*#*

#*#*#*#*#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

XW
XW

XW
XWXW
XW

XW
XW

XW

XW

XW

!(

!(

!(!(

!(

!(

!(
!(

!(

!(

!(

O k l a h o m aO k l a h o m a

Te x a sTe x a s

L o u i s i a n aL o u i s i a n a

A r k a n s a sA r k a n s a s

Ouachita National Forest

G u l f  o f  M e x i c o

ROBERTSON

MILAM

BURLESON
BRAZOS

FALLS

AUSTIN

MCLENNAN

WHARTON

FANNIN

WOOD

HOUSTON

CHAMBERS

RUSK

Texas Coastal Uplands

Texas Coastal Lowlands

WASHINGTON

LEE

FAYETTEBASTROP

BELL

Trinity

WILLIAMSON

HARRIS

POLK

HILL

LEON

CASS

ELLIS

HUNT

TYLER

SMITH

LIBERTY

BOWIE

LAMAR

JASPER

HARDIN

COLLIN

DALLAS

NAVARRO

NEWTON

DENTON

SHELBY

PANOLA

GRIMES

GRAYSONCOOKE RED RIVER

ANDERSON
CHEROKEE

WALKER

TRINITY

HARRISON

ANGELINA

HOPKINS

JEFFERSON

SABINE

KAUFMAN

LIMESTONE

FORT BEND

VAN ZANDT

MONTGOMERY

HENDERSON

FREESTONE

UPSHUR

TITUS

NACOGDOCHES

TARRANT

WALLER

MARION

MADISON

SAN JACINTO

DELTA

ORANGE

RAINS

BRAZORIA

GREGG
JOHNSON

CAMP

GALVESTON

SAN AUGUSTINE

MORRIS

FRANKLIN

ROCKWALL

Moyers Finley

Carlyss

Trinity

Texas Coastal Lowlands

Texas Coastal Uplands

Trinity

0 15 307.5 Miles
µ

Data Sources: Federal Lands, Basemap - ESRI;
Aquifers and Water Wells - TWDB, 2011.

KEYSTONE XL PROJECT

Figure 3.3.1-5
Key Aquifers and

Potable Water Wells
within 2-mile Corridor

(Texas)

Notes: bgs is below ground surface.
First water and total well depths at 0 feet
might be inaccurate.

Key Aquifers

Estimated Depths to Groundwater
Categories:

Texas Coastal Uplands
Texas Coastal Lowlands
Trinity

A - Very Shallow Water Depth (Static Water ≤ 10 feet and
Total Well Depth ≤ 50 feet bgs) (11)
B - Shallow Water Depth (Static Water > 10 feet and ≤ 50 feet and 
Total Well Depth ≤ 50 feet bgs) (11)
C - Unclear Water Depth (Static Water ≤ 10 feet and
Total Well Depth > 50 feet bgs) (52)
D - Unclear Water Depth (Static Water > 10 feet and ≤ 50 feet
and Total Well Depth > 50 feet bgs) (25)
E - Deep Water Depth (Static Water > 50 feet and
Total Well Depth > 50 feet bgs) (55)
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Figure 3.3.1-6

Northern High
Plains Aquifer System
Hydrogeologic Units

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Northern High Plains Aquifer System
Hydrogeologic Unit

Brule and Arikaree Formation (BRAK)

Eastern Nebraska Formation (EAST)

Ogallala Formation (OGAL)

Platte River Valley Formation (PLAT)

Sand Hills (SAND)
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Figure 3.10.1-1

Environmental Justice
(Montana)

!( Proposed Pump Stations (PS)

Proposed Keystone XL Project

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population
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Figure 3.10.1-2

Environmental Justice
(South Dakota)

Proposed Pump Stations (PS)

Proposed Keystone XL Project

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population
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Figure 3.10.1-3

Environmental Justice
(Nebraska)

!( Proposed Pump Stations (PS)

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population
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Figure 3.10.1-4

Environmental Justice
(Kansas)

!( Proposed Pump Stations (PS)

") Proposed Cushing Tank Farm

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population
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Figure 3.10.1-5

Environmental Justice
(Oklahoma)

!( Proposed Pump Stations (PS)

") Proposed Cushing Tank Farm

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Census Block Groups

Minority Population

Low-Income Population

Minority Population and Low-Income Population
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Figure 3.10.1-6

Environmental Justice
(Texas)

!( Proposed Pump Stations (PS)

Proposed Keystone XL Project

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population
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Figure 3.10.1-7

Environmental Justice
Analysis - 

HPSA and MUA Locations
(Montana)

Notes: HPSA and MUA sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
Prairie County is located in the Miles City Service Area.

!( Proposed Pump Stations (PS)

Proposed Keystone XL Project
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Low-Income Population

Minority Population and Low-Income Population

Health Professional Shortage Area (HPSA)

Medically Underserved Area (MUA)

HPSA and MUA Location
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Figure 3.10.1-8

Environmental Justice
Analysis - 

HPSA and MUA Locations
(South Dakota)

Notes: HPSA and MUA sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
HPSAs include the Lower Brule Indian Reservation.

Proposed Keystone XL Project
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Figure 3.10.1-9

Environmental Justice
Analysis - 

HPSA and MUA Locations
(Nebraska)

Notes: HPSA and MUA sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
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Figure 3.10.1-10

Environmental Justice
Analysis - 

HPSA and MUP Locations
(Kansas)

Notes: HPSA and MUP sites are not included if
status is withdrawn, proposed withdrawal, or rejected.

!( Proposed Pump Stations (PS)

") Proposed Cushing Tank Farm

Proposed Keystone XL Project

Existing Keystone Cushing Extension

Census Block Groups

Low-Income Population

Minority Population

Minority Population and Low-Income Population

Health Professional Shortage Area (HPSA)

!( HPSA Facility

Medically Underserved Population (MUP) 

HPSA and MUP Location



!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

")!

!

!

!

!

(

(

(

(

(

Boley

§̈¦44

§̈¦40

O k l a h o m aO k l a h o m a

Te x a sTe x a s

Wetumka

Holdenville

Wewoka

Cushing

Stroud

Cromwall

PROPOSED
CUSHING

TANK FARM

Stroud

Paden

Bearden

Yeager

Spaulding

Atwood

Allen

Gerty

Ada

Tupelo Centrahoma

Lehigh

Coalgate
Phillips

Tushka

Atoka

Bennington

Caney

Catchment 13

Catchment 7

Catchment 6

Catchment 7
Catchment 6

Catchment 11

Seminole Nation
of Oklahoma -

Wewoka Indian Health Clinic

Konawa

Durant

Health Center Hugo

Choctaw Nation
Health Clinic

Pontotoc Northwest
Service Area

Pontotoc Northeast
Service Area

Pontotoc Southwest
Service Area

Black Hawk
Health Center

Okemah

Okemah Indian
Health Center

Perkins

Iowa Tribe
of Oklahoma:
Perkins Family Clinic

Catchment 6

Catchment 6

Catchment 7

Family Medicine Clinic

Choctaw Nation
of Oklahoma

ATOKA

BRYAN

PITTSBURG

LINCOLN

HUGHES

COAL

CHOCTAW

MCINTOSH

PUSHMATAHA

PONTOTOC

OKMULGEE

SEMINOLE

JOHNSTON

OKFUSKEE

MUSKOGEE

POTTAWATOMIE

PAYNE

WAGONER

MURRAY

LATIMER

TULSA

CARTER

GARVIN

HASKELL

MCCLAIN

CHEROKEE

§̈¦44

§̈¦40

§̈¦35

£¤177

£¤69

£¤75

£¤271

£¤266

£¤377

£¤70

£¤270

£¤62

£¤64

£¤70

£¤75

£¤270

£¤69

£¤75

£¤377

£¤62

£¤270

£¤62

PS-35

PS-34

PS-33

PS-32

Lake Texoma

Eufaula Lake

Hugo Lake

Arkansas River

McGee Creek Reservoir

Atoka Reservoir

Lake Murray

Canadian River

Heyburn Reservoir

Lake McAlester

Shawnee Reservoir

Okmulgee Lake

Brown Lake

Carter Lake

Lake Henryetta

Wewoka Lake

ABC Medical Clinic

Carl Albert
Indian Hospital

Mack Alford
Correctional Center

Central Oklahoma
Family Medical Center

East Central Oklahoma
Family Health Center

0 6 123
Miles

µ

Data Sources: Census Block Groups, MCDs - 2000 US Census;
Reservations, Basemap - ESRI; HPSA, MUA - HRSA.

KEYSTONE XL PROJECT

Figure 3.10.1-11

Environmental Justice
Analysis - 

HPSA and MUA Locations
(Oklahoma)

Notes: HPSA and MUA sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
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Figure 3.10.1-12

Environmental Justice
Analysis - 

HPSA and MUA/P Locations
(Texas)

Notes: HPSA and MUA/P sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
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KEYSTONE XL PROJECT Environmental Justice Analysis - 
HPSA and MUA/P Locations

(Harris County, Texas):0 2 41
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Data Sources: Census Block Groups, MCDs, Census Tracts - 
2000 US Census; Reservations, Basemap - ESRI.

Notes: HPSA and MUA/P sites are not included if
status is withdrawn, proposed withdrawal, or rejected.
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Figure 3.14.3-1
Comparison of the Percent Differential for WTW 

GHGs from Gasoline Produced from Canadian Oil 
Sands Relative to Reference Crudes 

Sources: Data from NETL 2009, Jacobs 2009, 
TIAX 2009, GHGenius 2010. 
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Sour
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Notes: 

The percent differentials refer to results for scenarios 
from the various studies and are calculated using the 
oil sands results relative to the corresponding study’s 
reference crude, with two exceptions: (i) all studies 
are compared to the 2005 U.S. average value from 
NETL; (ii) GHGenius WCSB oil sands crudes are 
compared to NETL (2009) reference crudes, since 
published estimates of reference crudes were not 
available for GHGenius and development of these 
factors within the model was beyond the scope of this 
assessment.  

In this chart, all emissions are given per MJ of 
reformulated gasoline with the exception of NETL 
2009, which is given per MJ of conventional gasoline.  
NETL 2009 results exclude the GHGs associated 
with petroleum coke. Gasoline combustion emissions 
for NETL and GHGenius assumed to be 77 gCO2/MJ 
gasoline, taken from NETL 2008.  “Venezuela 
Conventional” in NETL is used as the NETL 
reference crude for Venezuela Bachaquero in this 
analysis.*Dilbit fuels do not include emissions 
associated with recirculating diluents back to Alberta. 
TIAX (2009) did not consider recirculation of diluent 
back to Alberta. Jacobs (2009) evaluated a scenario 
where diluent is recirculated to Alberta, which 
increased WTW emissions by 7 gCO2/MJ (LHV), or 
7%, for reformulated gasoline relative to the case 
where diluent is not recirculated. This scenario has 
not been included in this figure because diluent will 
not be recirculated by the Keystone XL pipeline.
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Figure 3.14.3-2
Comparison of the Percent Differential for WTT 

GHGs from Gasoline Produced from Canadian Oil 
Sands Relative to Reference Crudes 

Sources: Data from NETL 2009, Jacobs 2009, 
TIAX 2009, GHGenius 2010. 
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Notes: 

The percent differentials refer to results for scenarios 
from the various studies and are calculated using the 
oil sands results relative to the corresponding study’s 
reference crude, with two exceptions: (i) all studies are 
compared to the 2005 U.S. average value from NETL; 
(ii) GHGenius WCSB oil sands crudes are compared 
to NETL (2009) reference crudes, since published 
estimates of reference crudes were not available for 
GHGenius and development of these factors within 
the model was beyond the scope of this assessment. 
In this chart, all emissions are given per MJ of 
reformulated gasoline with the exception of NETL 
2009, which is given per MJ of conventional gasoline.  
NETL 2009 results exclude the GHGs associated with 
petroleum coke.  

Gasoline combustion emissions for NETL and 
GHGenius assumed to be 77 gCO2/MJ gasoline, 
taken from NETL 2008.  “Venezuela Conventional” in 
NETL is used as the NETL reference crude for 
Venezuela Bachaquero in this analysis.*Dilbit fuels do 
not include emissions associated with recirculating 
diluents back to Alberta. TIAX (2009) did not consider 
recirculation of diluent back to Alberta. Jacobs (2009) 
evaluated a scenario where diluent is recirculated to 
Alberta, which increased WTW emissions by 7 
gCO2/MJ (LHV), or 7%, for reformulated gasoline 
relative to the case where diluent is not recirculated. 
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Figure 3.14.3-3
Percent Change in WTW Weighted-Average GHG 
Emissions from WCSB Oil Sands Crudes Relative 

to Reference Crudes
Sources: Data from NETL 2009, Jacobs 2009, 
TIAX 2009, GHGenius 2010. 
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Static water and total well depths at 0 feet
might be inaccurate. Deep water depth
also includes deep-screened artesian wells.
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Estimated Depths to Groundwater

!( A - Very Shallow Water Depth (Static Water ≤ 10 feet and Total Well Depth ≤ 50 feet bgs)
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Data Sources: Basemap - ESRI; Aquifers - National Atlas;
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might be inaccurate. Deep water depth
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the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, 

or represents that its use would not infringe privately owned rights.  Reference herein to any specific 
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1 Executive Summary 
 

In June 2010, EnSys Energy was contracted by the Department of Energy Office of Policy & International 

Affairs to conduct an evaluation of the impacts on U.S. and global refining, trade and oil markets of the 

Keystone XL project to bring additional Canadian crudes, including oil sands, into the U.S.   The study 

was conducted in close collaboration with and also with significant inputs from the Department of 

Energy.  Those included assessments of global life-cycle GHG impacts of scenarios evaluated.   

This report presents the assumptions used to perform the analyses and the findings developed via 

integrated global modeling and under a range of potential scenarios.   The central focus of the report is 

the proposed project by the Canadian company TransCanada to build a pipeline known as Keystone XL 

(or simply KXL) from Hardisty Alberta to Steele City Nebraska and then on to the U.S. Gulf Coast via 

Cushing Oklahoma.  The line would carry crude oil streams from the Western Canadian Sedimentary 

Basin (WCSB) to U.S. Midwestern (PADD2) and Gulf Coast (PADD3) oil refineries.   Transit of Bakken and 

Cushing /West Texas area crudes on KXL may also be added.   The project was approved by the Canadian 

National Energy Board in March 2010, and TransCanada has applied for a Presidential Permit from the 

U.S. Department of State.  The Department of Energy commissioned this analysis in support of the 

Department of State as a component of its environmental review of the KXL pipeline and its review of 

the request for a Presidential Permit. 

The first two phases of the Keystone pipeline system, intended to carry crude from Hardisty into central 

PADD2 and then on down to Cushing Oklahoma, are under start-up or construction, with full operation 

early 2011. Total system capacity after these phases is stated as 591,000 bpd.  The Keystone XL 

expansion comprises two new lines, one to run from Hardisty, cross-border via Montana and South 

Dakota, to PADD2 and the other from Cushing to the U.S. Gulf Coast.  TransCanada projects start-up 

operations in the first quarter of 2013, subject to permits.  Completion of KXL would increase total 

Keystone pipeline capacity by 700,000 bpd to 1.29 mbd, with the ability to move 591,000 bpd of crude 

from Hardisty to PADD2 refineries (Keystone Mainline) and another 700,000 bpd from Hardisty to the 

Gulf Coast (Keystone XL).  ).  A potential tie-in TransCanada is considering would enable Bakken crudes 

to feed into the Keystone XL line, taking up part of the 700,000 bpd capacity.   Keystone XL would be 

designed to support future capacity of 900,000 bpd by increasing pumping capability1.  Maximum 

capacity for the total Keystone system after expansion would be 1.5 mbd.  Associated capacity to the 

Gulf Coast has not been set but would likely be 900,000 bpd2.    Current commitments on KXL, if built, 

                                                           
1
 A permit waiver would be required for any future expansion of KXL but is not being requested by TransCanada at 

this time.  
2
 Future capacity to the Gulf Coast could be lower than 900,000 bpd as the co-location of the Keystone XL and 

Mainline pipelines at Steele City, Nebraska, allows for the possibility that crudes in future traveling on KXL to 
Steele City could be diverted there onto the Keystone Mainline running east to Wood River/Patoka, i.e. could stay 
in PADD2 rather than go south to PADD3.   
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are for 535,000 bpd of volume from Hardisty to Cushing and for 380,000 bpd on the segment from 

Cushing to the Gulf coast (out of 700,000 bpd capacity)3.    

EnSys employed its World Oil Refining Logistics & Demand (WORLD) model to address the potential 

impacts on U.S. refining, crude and product import dependency and cost, and on Canadian crude oil 

market destinations, of constructing or not constructing Keystone XL.   The model provides integrated 

analysis and projection of the global petroleum industry, combining top down scenarios for projected oil 

price/supply and demand over the next twenty years with bottom up detail on crude oils, non-crudes, 

(NGL’s, biofuels, etc.), refining, transportation, product demand and quality4.   

  

                                                           
3
 These commitments are for WCSB crudes only.  Additional volume commitments for (a) Bakken crude that would 

be fed into KXL in Montana and/or (b) MidContinent crudes that would be fed in at Cushing could result should 
TransCanada determine to proceed with these options based on the results of two “open seasons” that closed in 
November.   
4
 Although a 50 year life for a pipeline is a common base for assessment of potential impacts, (thus to 2063 for 

Keystone XL if it were to start up in 2013 as currently targeted by TransCanada), this WORLD model based study 
evaluated outlooks only through 2030. Firstly, the WORLD version available for the study extended only to 2030.  
Secondly, the horizons that could be modeled were constrained by those in available global outlooks. The 
projections available in the 2010 EIA Annual Energy Outlook went only to 2035, similarly those in the 2010 EIA 
International Energy Outlook .    In general, high levels of uncertainty at very long term horizons tend to lead to 
studies modeling the detail of oil supply, refining and demand being limited to a maximum horizon 20 to 25 years 
out. In addition, the Keystone XL project is but one potential element in a complex, global petroleum supply 
system.  The effects of such a project can be identified in a near to mid-term (10 to 20 years) assessment but are 
likely to be subsumed by assumptions concerning other changes in the global petroleum supply infrastructure over 
the longer term.   
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Figure 1-1 

 

The impact of adding the KXL pipeline to the North American crude oil transport system depends on the 

other pipeline paths available to carry heavy crude out of the West Canadian Sedimentary Basin.  Figure 

1-1 illustrates both existing and proposed pipelines that could deliver WCSB crude to export markets.   

To address uncertainties in the outlook for WCSB pipeline export projects, a set of scenarios was 

developed and analyzed using WORLD to explore the potential impact of KXL being built, of No KXL (not 

built) and of No Expansion in pipeline capacity. Variants were applied for each of these pipeline 

availability scenarios as set out in Tables 1-1 and Table 1-2. 
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Base Scenario  Variant 

KXL (is built) 

KXL 
Transmountain TMX 2 and 3 
expansions go ahead 

KXL+Gateway 
TMX 2 and 3 and Northern 
Gateway go ahead 

 
KXL No TMX 

No TMX 2 and 3 or Northern 
Gateway i.e. no expansion to 
west coast of Canada 

No KXL (not built) 

No KXL Transmountain TMX 2 and 3 
expansions go ahead 

 
No KXL HiAsia 

High level of expansion to Asia: 
TMX 2,3, Northern Gateway, 
Northern Leg 

No Expansion 

 
No Exp 

No expansion of pipelines at all 
beyond current projects under 
construction 

 
No Exp + P2P3 

No expansion except TMX 2,3 
and U.S. domestic PADD2 to 
U.S. Gulf Coast 

Table 1-1 

 

 

Table 1-2 
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KXL KXL No TMX Y Y Y N N N
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All scenarios were assessed using two different demand outlooks: the EIA Annual Energy Outlook 2010 

for reference global and U.S. petroleum supply and demand projections and a low-demand outlook5, 

which leads to 4 mbd lower U.S. petroleum product demand by 2030. The study therefore presents 14 

scenarios resulting from two different demand outlooks and 7 scenarios for different combinations of 

pipeline availability.  The study uses the 2010 Growth Outlook from the Canadian Association of 

Petroleum Producers (CAPP) for crude oil supply to market from the WCSB.  This projection, with 

extrapolation from 2025 to 2030 by EnSys and DOE, leads to WCSB supply growing from 2.49 mbd in 

2009 to 4.85 mbd in 2030, with the fraction of crude produced from oil sands rising from 65% to 91% 

over the same time period.  

Key findings and conclusions from the study covered U.S., Canadian and global refining and supply 

impacts.  General findings are summarized first to set a context for findings that are specific to KXL.  

 

General Findings Not Specific to KXL 

A. Inadequate WCSB export capacity from 2005 through 2008 led to production shut-ins, crude 

revenue losses, and to a number of export pipeline projects, notably Enbridge Alberta Clipper 

and TransCanada Keystone Mainline and Keystone Extension. These are now coming on-line, 

adding over 1 mbd of export capability.  Consequently, there is now surplus capacity for moving 

WCSB crudes cross-border into the USA.  However, capacity to move WCSB crudes via pipeline 

to the U.S. Gulf Coast remains limited to less than 100,000 bpd.    

B. Given the base projection for WCSB supply to nearly double by 2030, WCSB imports into the 

USA rise over time under all scenarios evaluated, including those where WCSB crude oil 

production growth rates are constrained by a total lack of pipeline expansion. 

C. Refineries in western and eastern Canada, and U.S. PADDs I, IV and V (with California Law AB32 

in place) are projected to have limited ability to process incremental volumes of WCSB crudes. 

PADD2 is projected to be able to economically absorb approximately an additional 0.5 - 0.8 mbd.  

PADD3 represents the major U.S. growth market, with the potential to process up to 2 mbd of 

WCSB crudes by 2030 from less than 0.1 mbd today.  The region’s large existing capacity geared 

to processing heavy crudes (over 5 mbd) is a major factor.  

D. WORLD model scenario results indicate a market opportunity exists short term (2010 – 2015) as 

well as longer term for pipeline capacity to deliver heavy WCSB crudes to U.S. Gulf Coast 

refiners6; this to fill a gap being created by declining supply from traditional heavy crude 

                                                           
5
 This low-demand outlook was provided to staff of the Department of Energy by staff of the Environmental 

Protection Agency. 
6
.   Also, U.S. Gulf Coast refiners have committed to take 380,000 bpd of WCSB crude oils via KXL if the pipeline is 

built.  
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suppliers, notably Mexico and Venezuela, a gap it is projected would otherwise be filled by 

increases in other foreign supplies, notably from the Middle East.   

E. Future level of U.S. refining activity is projected as relatively insensitive to the combination of 

pipelines available to carry crude out of the Edmonton/Hardisty area.     

F. However, WCSB crude routings and future level of WCSB imports into the U.S. will be sensitive 

to the combination of pipelines available to carry crude out of the Edmonton/Hardisty area.  

Figures 1-2 and 1-3 illustrate modeling results that project cross-border WCSB deliveries rising 

from 1.2 mbd today to between 2.6 mbd and 3.6 mbd in 2030, depending on the combination of 

pipelines assumed to be available.  

G. Over the next twenty years, the principal choice for WCSB exporters is between moving 

increasing crude oil volumes to the USA or to Asia.  Led by China, which has already bought 

heavily into oil sands production, Asia constitutes the major region for future petroleum product 

demand and refining capacity growth and offers Canada diversification of markets. In addition, 

costs for transporting WCSB crudes to major markets in northeast Asia (China, Japan, South 

Korea, Taiwan) via pipeline and tanker are lower than to transport the same crudes via pipeline 

to the U.S. Gulf Coast.  Projections from this study, which are supported by third party 

information, indicate that Asian markets are attractive and, if the access routes are developed, 

could absorb at least 1 mbd of WCSB crudes, potentially significantly more; this versus the less 

than 50,000 bpd of WCSB crude that moves to Asia today.   

H.  Variations in WCSB import volumes into the U.S. will lead to equivalent offsetting variations in 

crude oil imports from other foreign sources.   Model projections are that, when increased 

volumes of WCSB crudes move to Asia instead of the U.S., the “gap” would be filled by  

offsetting increases in crude oil imports from other foreign sources, especially the Middle East 

(as the primary balancing supplier).   

I. In all scenarios considered, increases of Canadian crude oil imports into the U.S. correspondingly 

reduce U.S. imports of foreign oil from sources outside of North America and the scale of 

“wealth transfers” to those sources for the import costs of the crude oils.  

J. Under any given pipeline scenario, reducing U.S. oil demand would result in reduction of oil 

imports from non-Canadian foreign sources, especially the Middle East, with no material 

reduction in imports of WCSB crude.   

K. Together, growing Canadian oil sands imports and U.S. demand reduction have the potential to 

very substantially reduce U.S. dependency on non-Canadian foreign oil, including from the 

Middle East.  

L. Canadian oil sands imports do not change significantly under the low-demand outlook.  
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M. The only scenario studied that resulted in a significant reduction of WCSB oil sands production 

assumed (a) a total moratorium on WCSB pipeline expansions in Canada to any destination and 

(b) no expansion of pipeline capacity between PADD2 and PADD3, and (c) restriction of 

rail/barge modes.    Even then, existing available pipeline capacity (up to and including Keystone  

Mainline  and Extension – but not KXL) is such that any reduction in WCSB production would not 

occur until after 2020 (Figures 1-4 and 1-5).  

Findings Specific to KXL 

N. KXL would add to the cross-border surplus of crude oil pipeline capacity observed in Finding A. 

In every scenario studied, with or without KXL, the excess cross-border pipeline capacity persists 

until after 2020.  In scenarios where high pipeline capacity to the British Columbia coast – and 

thence Asia – is assumed built, the excess cross-border capacity into the U.S.A. is projected as 

continuing until 2025 or even 2030.   

O. If KXL were not built, the scenario analyses show there is a demand for alternative projects to be 

implemented that would lead, over time, to crude flows from WCSB to PADD2 and thence from 

PADD2 to the PADD3 Gulf Coast broadly similar to those that would be provided by KXL.   

P. These crude flows include indicated demand to take over 1.4 mbd of WCSB crude to the U.S. 

Gulf Coast by 2030 (on the basis the Transmountain TMX 2 and 3 pipeline expansions to the BC 

coast go ahead7). KXL represents a high capacity supply option that could meet early as well as 

longer term market demand for crude oil at Gulf Coast refineries as discussed in Finding D8. 

Q. KXL would provide increased redundancy for WCSB supply routes into the USA. Potentially, it 

could also add capacity to bring U.S. Bakken crudes to market and/or to reduce congestion at 

Cushing by increasing capability to take domestic U.S. crudes to the Gulf Coast.   

R. The WORLD and DOE Energy Technologies Perspective (ETP) model analyses9 results show no 

significant change in total U.S. refining activity, total crude and product import volumes and 

costs, in global refinery CO2 and total life-cycle GHG emissions  whether KXL is built or not.    

The detailed premises and analyses underpinning these conclusions are set out in the body of the report 

and in an accompanying Appendix.  

 

                                                           
7
 If TMX 2 and 3 were not built, scenario projections are that WCSB volumes to PADD3 could reach 1.8 mbd by 

2030; if Northern Gateway and/or Northern Leg are built as well as TMX 2 and 3, WCSB flows to PADD3 could drop 
to 1 mbd or lower.  
8
 At 700,000 bpd, KXL capacity is roughly twice that of the recently proposed Enbridge Monarch project.  Reversal 

of the Seaway line, which is stated by its owners as constituting only a possibility and not a project at this time, 
would add around 200,000 bpd of capacity to transport heavy crudes to the Gulf Coast.    
9
 The WORLD model analysis was performed by EnSys Energy. Supplemental analysis of greenhouse gas emissions 

was performed by Brookhaven National Laboratory (BNL) using DOE’s ETP global energy model. 
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2 Introduction 
 

2.1 Keystone XL Project and Status 

 

The central focus of this report is the proposed project by the Canadian company TransCanada to build a 

pipeline known as Keystone XL (or simply KXL) from Western Canada to Cushing, Oklahoma, via 

Nebraska and then on to the U.S. Gulf Coast.  As proposed, the line would carry crude oil streams from 

the Western Canadian Sedimentary Basin (WCSB) to refineries in the Cushing Oklahoma area of PADD2 

and the PADD3 Gulf Coast.   KXL may also incorporate shipping of Bakken and of Oklahoma/West Texas 

crude oils.   The project was approved by the Canadian National Energy Board in March 2010. 

TransCanada has also applied for a Presidential Permit from the U.S. Department of State.  The 

Department of Energy commissioned this analysis in support of the Department of State as a component 

of its revised Environmental Impact Statement for the KXL pipeline10.   

As further described under Section 3.2.3, the first two phases of the Keystone pipeline system, carrying 

crude into central PADD2 and then on down to Cushing, Oklahoma, are under start-up or construction, 

with full operation early 2011. Total system capacity after these phases is stated as 591,000 bpd. The 

third and fourth phases fall under the aegis of Keystone XL and comprise two additional lines.  One line 

would run from Hardisty, cross-border via Montana and South Dakota, to PADD2 and the other from 

Cushing to the U.S. Gulf Coast.  TransCanada projects start-up of operations in the first quarter of 2013, 

subject to permits.  Completion of KXL would increase total Keystone pipeline capacity by 700,000 bpd 

to 1.29 mbd, with the ability to move 591,000 bpd of crude from Hardisty to PADD2 refineries (Keystone 

Mainline) and another 700,000 bpd from Hardisty to the Gulf Coast via Cushing (Keystone XL).  Keystone 

XL would be designed to support an eventual capacity of 900,000 bpd by increasing pumping capability.  

Maximum capacity for the system after the expansion would be 1.5 mbd. Associated capacity to the Gulf 

Coast has not been set but would likely be 900,000 bpd.     

  

TransCanada has closed two recent “open season” bidding rounds for use of transport capacity on the 

proposed KXL pipeline.  The Cushing Marketlink open season gauges interest in bringing U.S. Mid-

                                                           
10

 “TransCanada Keystone Pipeline, L.P. has applied to the United States Department of State (DOS) for a 
Presidential Permit at the border of the United States for the proposed construction, connection, operation, and 
maintenance, of facilities for the importation of crude oil from Canada. DOS determined that the issuance of the 
Presidential Permit would constitute a major federal action that may have a significant impact upon the 
environment within the context of the National Environmental Policy Act of 1969 (NEPA), and on January 28, 2009 
issued a Notice of Intent (NOI) to prepare an environmental impact statement (EIS) to address reasonably 
foreseeable impacts from the proposed action and alternatives.” United States Department of State, Scoping 
Summary for the Keystone XL Project, Environmental Impact Statement, May 2009. 
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Continent crudes into Keystone XL at Cushing and thence on to the Gulf Coast.  The second open season, 

Bakken MarketLink, assesses interest in Bakken producers feeding into the northern KXL line at Baker, 

Montana, already a Bakken storage and transmission hub.  Final decisions by TransCanada on these 

projects are expected in early 2011.     

 

2.2 Department of Energy Study Request 

The Department of Energy (DOE) Office of Policy & International Affairs contracted EnSys Energy to 

undertake an analysis to evaluate different scenarios through 2030 focused on the Keystone XL project. 

The DOE sought to better understand the potential impacts of the presence or absence of the KXL 

pipeline on U.S. refining and petroleum imports and also on international markets.  Because the 

availability of other pipelines is a key uncertainty, the analysis examined key metrics under seven 

different scenarios each representing a different combination of available pipelines.  Market dynamics 

for each pipeline combination were explored for two different projections of U.S. oil demand. 

In each of the resulting 14 scenarios requested, the objective of EnSys’ analysis was to assess the U.S. 

petroleum refining, supply and price impacts of incremental Canadian oil sand crudes into the U.S. using 

a detailed refinery model embodying global downstream petroleum product and crude oil market 

activity.  DOE sought an analysis that could evaluate oil flows into each of the PADD regions into which 

U.S. petroleum infrastructure is divided and which would also project market destinations for Western 

Canadian crudes.   

The questions DOE requested EnSys to address included: 

 What is the outlook for the U.S. refining industry’s competitive position - as 

measured by U.S. refinery throughputs, utilizations, investments, CO2 emissions, 

product import dependency and oil import costs?  

 How does the level and composition of crude oil imports into the U.S. change with 

and without the incremental Canadian oil sands crude transport capacity proposed 

by the Keystone XL project? 

 What are the changes in crude oils that would supply PADD3 refineries with and 

without incremental oil sand crudes into PADD3? 

 What are the changes in world regional demands for incremental Canadian oil sand 

crudes with and without the incremental pipeline capacity to U.S. refineries?  

 What are the U.S. petroleum product supply and price impacts, and also U.S. oil 

import bill impacts, with and without the incremental imports of Canadian oil sand 

crudes to the U.S.?  
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 What impacts, if any, would disallowing the Keystone XL pipeline have per se on 

Canadian crude oil flows into the U.S.?  

 What would be the impacts of much lower U.S. product demand outlook on U.S. 

refining, Canadian and other oil imports and the implications for Canadian crude oil 

export capacity? 

 

2.3 EnSys’ Approach to Study 

To address these questions, EnSys employed its World Oil Refining Logistics & Demand (WORLD) model.  

This provides integrated analysis and projection of the global petroleum industry, encompasses total 

liquids, captures the effects of developments and changes and of interactions between regions, and 

projects the economics and activities of refining, crude oils and products.   WORLD works by combining 

top down scenarios for projected oil price/supply and demand over the next twenty years with bottom 

up detail on crudes oils, non-crudes, refining, transportation, product demand and quality.  Used for the 

Department of Energy Office of Strategic Petroleum Reserve since 1987, WORLD has been applied in 

many analyses for organizations ranging from the EIA and EPA to the American Petroleum Institute, 

World Bank, OPEC Secretariat, International Maritime Organisation, Bloomberg, major and specialty oil 

and chemical companies.     

Further information on EnSys and WORLD is provided in Appendix Section 1.   

 

2.4 Content of Report 

Section 3 below sets the context for this analysis by reviewing the recent history of and current 

projections for Canadian oil production, including oil sands, and of the pipeline systems and associated 

projects that exist or are planned to move crude oils out of Canada to the U.S. and elsewhere.  Keystone 

/ Keystone XL and other active projects are described.  

Section 4 summarizes the basis and key premises for the analysis, outlines the methodology and 

describes the specific scenarios developed and evaluated.       

Section 5 presents key results and Section 6 presents conclusions.  

Supporting appendices provide additional detail on pipeline projects, the EnSys WORLD model, its set up 

and use for this analysis, including detailed premises and results; also information on the DOE ETP 

model and its use in this study.   
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3 Background to Study 
 

3.1 Recent WCSB Production and Export History 

 

A factor in this study is the potential for the Keystone XL project to add to the excess of capacity to bring 

WCSB crudes into the U.S.   However, it was concern in Canada over shortages of export pipeline 

capacity in the 2006 to 2008 period which, combined with anticipated rapid increases in WCSB crude 

supply, led to a series of pipeline projects including Keystone.  

By 2005, WCSB total crude oil supply had reached nearly 2.2 mbd.  Oil sands streams to market 

comprised over 50% and were rising rapidly.  In 2007, the Canadian Association of Petroleum Producers 

(CAPP) projected that WCSB crude supply could rise to between 4.6 and 5.3 mbd by 2020.  (By way of 

comparison, the CAPP 2010 supply projection – which is being used in this report - is for 3.8 mbd of total 

WCSB supply by 2020 of which 3.2 mbd is oil sands streams.)   

At the time, it was evident that the then existing export pipelines were operating at or close to capacity.  

There had been instances of capacity restrictions and “allocations” with associated shut-ins of crude 

production.  The bottlenecks were also causing reductions in the prices obtained for Western Canadian 

crudes, especially the heavy grades.  Figure 3-1 illustrates how discounts for Canadian Lloydminster 

heavy crude widened in 2005 through 2007 versus other marker heavy crude grades, to as much as 

$20/bbl versus Mayan and $15/bbl versus Saudi Heavy, far exceeding historical levels in the $0-5/bbl 

range11.  As a consequence, Canadian producers, shippers and government agencies deriving revenue 

from production were all being adversely affected economically.  The chart also shows that differentials 

returned to the $0-5/bbl range in 2009 but then widened again in mid 2010 driven by shutdowns in the 

Enbridge Mainline pipeline system due to leaks.   Thus the chart reinforces how sensitive WCSB heavy 

crude discounts are to having sufficient export pipeline capacity in operation and the consequences in 

lost revenue of periods when capacity is inadequate.    

                                                           
11

 The Figure 3-1 chart is based on pricing data taken from the EIA online Petroleum Navigator, World Crude Oil 
Prices.  
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Figure 3-1 

 

The undesirable situation in 2005 through 2008, combined with the prospect of swiftly growing WCSB 

production, led to the perception that significant export pipeline expansions were required.  As of early 

2008, one analyst estimated 1.1 mbd of new capacity would be needed by 2011, 1.9 mbd by 2015 and 

2.7 mbd by 202012.   Despite the recession slowing their pace, a number of major projects have 

materialized, including the Enbridge Alberta Clipper, TransCanada Keystone and the proposed Keystone 

XL and also a first phase of expansion of the Kinder Morgan Transmountain line to Vancouver. In 

addition, further projects have been or are being actively considered, as discussed in Section 3.2.3.   

The recent history of pipeline capacity bottlenecks, shut-ins and losses of revenue sets a context for the 

recent expansion of pipeline capacity and resulting cross-border surplus.  Producers, shippers and 

government agencies in Canada arguably have no desire to see any repetition of the past restrictions 

and are thus predisposed to establishing export capacity that provides redundancy, flexibility, security 

and also diversification of markets.        

 

                                                           
12

 “Canadian Oil Imports”, Jeannie Stell, from Oil & Gas Investor, January 2008. 
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3.2 The WCSB Crude Oil Export System and Projects  

3.2.1 Current Flows 

In 2009, the WCSB region produced approximately 2.5 mbd of crude oil, of which 65% came from oil 

sands and 35% from conventional extraction13.  Figure 3-2 illustrates the destination of the Canadian 

supply in 2009, with the sum of all exports to Asia and the U.S. being equal to WCSB production minus 

consumption within Canada. 

As shown in Figure 3-2, 709,000 bpd were processed within Canada, 65% in Western Canada and the 

remaining 35% in Eastern Canadian refineries in the Sarnia area.   The U.S. PADD2 comprised the major 

market at over 1.2 mbd.  Smaller volumes flowed to PADD4, 238,000 bpd, PADD5, 148,000 bpd, and 

PADD1, 62,000 bpd.  The flows to PADD5 were predominantly to refineries at Ferndale and Anacortes in 

Washington state; those to PADD1 to a single refinery in Warren, western Pennsylvania.  Flow to PADD3 

was relatively small at 107,000 bpd.  Significantly, only 14,000 bpd was exported in 2009 to destinations 

outside the USA, although this figure has been rising in 2010.     

 

Figure 3-2 

                                                           
13

 Canada also produces conventional crude oils offshore Newfoundland. This eastern Canadian production totaled 
0.27 mbd in 2009 and is projected by CAPP to slowly decline to 0.11 mbd by 2030.  
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3.2.2 Current Export Routes 

For such a major producing region, the WCSB crude export system is highly unusual in that it is currently 

overwhelmingly land-locked.   Domestic and export flows are almost entirely via pipeline, and to the 

USA and eastern Canada, as illustrated in Figure 3-2.   Waterborne exports are minor and through only 

one marine terminal, the Westridge dock, near Vancouver.  

Figure 3-3, taken from the CAPP 2010 Outlook, depicts the extensive network of both existing and 

planned major crude pipelines feeding U.S. and Canadian refineries.  The solid lines indicate existing 

pipelines discussed in this section while the dotted lines indicate proposed pipelines described in the 

next section.  Essentially all these pipelines can carry heavy crude oil14. 

WCSB crudes feed the western Canadian refineries. These are mainly in the Edmonton area, local to the 

main sources of WCSB supply in Alberta and neighboring Saskatchewan.    The Transmountain pipeline 

takes WCSB crudes west from Edmonton to the 55,000 bpd Chevron refinery at Burnaby and a dock at 

Westridge, both near Vancouver.  The Puget Sound Pipeline is a spur that connects the Transmountain 

pipeline to four refineries at Ferndale, Anacortes, and Cherry Point in Washington state.  Crude oil can 

also be shipped via the Westridge dock by barge or tanker to U.S. refineries in Washington State but, 

historically, has mainly been moved to California or even the Gulf Coast and also to Asia.      The 

Transmountain line also ships refined products from Edmonton refineries to points west in British 

Columbia, including the Vancouver area.   

Deliveries of crude to the Burnaby refinery have remained stable at around 45,000 bpd while those for 

product have slowly declined in recent years, dropping below 50,000 bpd in 2010.  Crude deliveries to 

the Washington state refineries have slowly increased over time and currently run at just under 130,000 

bpd.   Crude oil deliveries over the Westridge dock have risen from 25,000 bpd in 2006 to 80,000 bpd in 

201015.  Of these, volumes moving to Asia have reportedly risen to 20,000 bpd16.  The Transmountain 

line was reported as operating above its 300,000 bpd rated capacity and over-committed at the time of 

this report, indicating strong market demand even with excess pipeline capacity available across the 

border to the U.S.   

WCSB crudes move to PADD4 in the U.S. via three lines with total capacity of around 485,000 bpd.  Of 

these, the Express is the largest and has an onward extension, the Platte, into PADD2.  

                                                           
14

 The stated capacity of a pipeline is generally rated on an assumed “design basis” proportion of light versus heavy 
crude moving through the line, e.g. 100,000 bpd with 20% heavy, 80% light crude.  Essentially all pipelines can take 
(additional) heavy crude but at a debit to throughput because of the generally higher viscosity and therefore 
increased pumping horsepower requirement for the heavy crude.   Major new lines out of WCSB, including Alberta 
Clipper and Keystone (Mainline and XL) are designed for essentially total transport of heavy grades.  In the 
modeling study, account was taken of the higher effective capacity consumption of heavy crudes moving especially 
through older pipelines that were originally designed for a lighter crude mix.   
15

 “Firm Service Capacity on the Trans Mountain Pipeline System”, Purvin & Gertz, November 2010.  
16

 “Oil Patch Sets Course for China”, The Globe and Mail, Toronto, Ontario, July 24, 2010. 
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The main export route from WCSB to the U.S. is via the Enbridge Mainline system into PADD2 (2,055,000 

bpd rated capacity).  The Mainline system has recently been expanded via the addition of the Alberta 

Clipper line (450,000 bpd rated capacity).  North Dakota crude oil can flow into the Mainline at 

Clearbrook, Minnesota.  Enbridge has recently expanded its line from Minot North Dakota to Clearbrook 

to 161,500 bpd.  The Enbridge/ExxonMobil Pegasus line can take WCSB crude from Patoka Illinois to 

Port Arthur in the Gulf Coast but current capacity is less than 100,000 bpd.  Pegasus constitutes the only 

pipeline that today can take WCSB crudes into the Gulf Coast.  Small WCSB volumes currently also move 

to Gulf Coast refineries via barge from PADD2 and via tanker from the Westridge dock; both relatively 

high cost movements.   

Eastern Canadian refineries at Sarnia receive WCSB crude via the Line 5 and 6 extensions of the Enbridge 

Mainline system.  Total listed capacity to Sarnia via these routes is 680,000 bpd.  However, this includes 

ability to ship NGLs and condensates as well as light, medium and heavy crudes.  Sarnia refineries are 

also able to receive foreign crude from a terminal in Portland, Maine, via a pipeline system which runs 

west to Sarnia via Montreal17.  This comprises two lines, the Portland Montreal Pipeline (PMPL), rated at 

525,000 bpd which feeds into the 240,000 bpd Enbridge Line 9 from Montreal to Sarnia18.  The PADD1 

Warren, PA, refinery receives approximately 60,000 bpd of WCSB crude, fed via a spur (Line 7) off the 

Sarnia end of the Mainline system.   

 

Figure 3-3 

                                                           
17

 The sole Montreal refinery still operating, Valero at Saint-Romuald, Quebec, can receive crude via tanker.   
18

 The high rated capacity on the PMPL stems from its construction in World War II to bring crude oils more safely 
into eastern Canada.   
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3.2.3 Current and Proposed Export Projects 

WCSB oil sands growth and the recent history of shut-ins and price discounts have led to a series of 

projects to expand export capacity out of western Canada and to access additional markets.   These 

projects are summarized below, and all are listed with data on size, proposed start date, and project 

status in Table 3-3 in Section 3.2.3.5.  The sections below cover both future projects (including Keystone 

XL) and projects that have come on stream during the course of this study by EnSys or which are under 

construction at the time of this report.   Specifically included under current projects are the Alberta 

Clipper pipeline and Keystone Mainline, both of which have recently started up, and Keystone Cushing 

extension which is under construction and due for start-up first quarter 2011.   

3.2.3.1 West to British Columbia Coast and Asia 

There is considerable interest in Canada in establishing volume water-borne exports, with their 

attendant flexibility to diversify markets and to access growth areas, notably in Asia.  Nautical distances 

from the British Columbia coast to Asian ports are relatively short and a recent study has estimated that 

refineries in four north Asian countries, (China, Japan, South Korea, Taiwan), could today process up to 

1.75 mbd of Western Canadian (mainly heavy) crudes19.  These drivers have led to a series of projects to 

expand capacity to move WCSB crudes west to marine terminals in British Columbia.  

3.2.3.1.1 TMX 2, 3 and Northern Leg 

Kinder Morgan expanded the Transmountain line to 300,000 bpd in 2008 via its TMX1 project.  The 

company has plans to further expand to first 380,000 (TMX2) and then 700,000 bpd (TMX3).  No 

decision to go ahead has been taken on either of these projects. This will depend upon level of 

commercial interest.  But Kinder Morgan indicates potential timing as being in the 2015 to 2020 time 

frame.    Plans also include upgrading of the Westridge dock and associated work with the Port of 

Vancouver so that the facility can load larger tankers and thus take advantage of lower freight rates20.   

In addition, in late November 2010, Kinder Morgan applied to the Canadian National Energy Board to 

establish longer term “firm service” contracts for WCSB crude oil shipments across the Westridge 

Dock21.    This reflects the current growing interest in exporting WCSB crudes from Westridge and, 

arguably, could comprise a first step toward establishing a commercial basis for later expansion of the 

Transmountain line via the TMX 2 and 3 projects.   According to a press announcement in late October 

2010, the Transmountain pipeline is running at 316,000 bpd, i.e. above nameplate capacity, and is 32% 

                                                           
19

 Market Prospects and Benefits Analysis for the Northern Gateway Project, Muse Stancil, January 2010.  
20

 The Westridge facility can today take AFRAMAX tankers, capacity approx 650,000 bbls.  Kinder Morgan’s plan is 
to enable 1,000,000 bbl SUEZMAX tankers to use the facility.  Enabling safe passage of larger tankers under the 
Lion’s Gate Bridge is one key issue.  
21

 https://www.neb-one.gc.ca/ll-eng/livelink.exe?func=ll&objId=654331&objAction=browse. 
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over-subscribed for the month of November as of the time of this report22.   This tends to reinforce that 

there is growing demand for the line’s capacity. 

The TMX 2 and 3 expansions would use existing facilities and right of way23.  Extensive work would be 

required with various organizations, including the NEB, Port Metro Vancouver and First Nation groups 

before the projects could go ahead.  Permits would be required for expansion.  In addition, agreements 

with landowners along the route may have to be renegotiated.   These requirements could possibly 

delay or stop the projects but the view was taken in this study that TMX 2 and 3 may be the most likely 

to go ahead of any of the West Coast projects.   

Kinder Morgan has further proposed a Northern Leg expansion of the Transmountain line.  This would 

use the existing Transmountain route part way from Edmonton west and then require construction of a 

new spur line running northwest to the port of Kitimat mid-way up the British Columbia coast.  

Proposed capacity on the Northern Leg line is 400,000 bpd.  It would increase the total Transmountain 

system capacity to 1.1 mbd for (i.e. existing Transmountain pipeline + TMX 2 + TMX 3 + Northern Leg).  

The Northern Leg expansion is considered by Kinder Morgan to be a longer term project. It also faces 

strong opposition from First Nations and environmental groups.   An advantage of building a pipeline to 

Kitimat is that the port can take VLCC crude tankers, with attendant lower freight rates.  The port is also 

modestly nearer northeast Asia than is Vancouver.   

3.2.3.1.2 Northern Gateway 

Enbridge has proposed a 525,000 bpd (initial) capacity line named the Northern Gateway to run from 

Edmonton to Kitimat.  This would be an entirely new facility, potentially expandable to 800,000 bpd24.  

Enbridge’s May 2010 filing to the Canadian National Energy Board (NEB) stated 2016 as the target start-

up year.  However, the project is encountering strong resistance from First Nations and environmental 

groups, which renders its timing uncertain.   

3.2.3.1.3 CN Rail / Altex 

CN Rail currently imports condensate, for blending with oil sands bitumen to make DilBit, through 

Kitimat.   The company has partnered with the Altex group to offer a PipelineOnRail service that would 

ship DilBit or other WCSB streams via rail from the Edmonton/Hardisty area to terminals that Altex 

would operate and, if required, ship diluent back to Western Canada.   PipelineOnRail has the benefit 

that it avoids the large fixed investments associated with major pipelines.  CN Rail indicates potential 

capacity to move “as many as 200,000 bpd or more”25.    However, the economics of the system do 

appear to hinge partly on claimed diluent valuation benefits for shippers.   

                                                           
22

 http://www.reuters.com/article/idAFN2834277720101028?rpc=44.   
23

 If both TMX 2 and 3 were completed, the resulting system would comprise two lines running parallel.    
24

 The Northern Gateway proposal also potentially includes a 193,000 bpd diluent import line.  
25

 http://www.cn.ca/en/shipping-north-america-alberta-pipeline-on-rail.htm.  

http://www.reuters.com/article/idAFN2834277720101028?rpc=44
http://www.cn.ca/en/shipping-north-america-alberta-pipeline-on-rail.htm


EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

19  

 

This study did not allow for the expansion of the PipelineOnRail capacity in any scenario because tariffs 

for rail are generally not considered attractive relative to pipelines.  However, during a period of 

constrained pipeline capacity, the PipelineOnRail could compete as an alternative.  The potential role of 

rail among WCSB export options would require further analysis. 

3.2.3.1.4 The China Factor 

Chinese oil companies have to date invested several billion dollars buying partial stakes in existing and 

planned WCSB oil sands production facilities.    Crude oil exports to China via Transmountain are 

reported to have been increasing and to have reached 20,000 bpd in 201026.   This may represent a small 

proportion of potential future equity crude accruing to Petrochina, CNOOC and other Chinese 

companies.  If these companies follow patterns seen elsewhere, they will aim to repatriate their crude 

oil for processing in China, rather than allow it to be sold elsewhere.  This could add to pressure for 

pipeline expansion to the British Columbia coast.  

3.2.3.2 South to PADD4 & Bakken Exports 

Currently, no major projects have been identified that would expand pipelines from WCSB into PADD4.  

The main activities in the region relate to expanding pipeline and rail capacity to ship out growing 

volumes of Bakken crude from North Dakota and secondarily Montana and Saskatchewan.   Growing 

North Dakota Bakken production surpassed the 200,000 bpd level in mid 2010, and comprised the major 

reason total crude production in North Dakota passed the 300,000 bpd mark in June 201027 and 

exceeded 340,000 bpd in September 201028. (Eastern Montana crude production stood at 65,000 bpd.)   

According to industry reports29, projections by the North Dakota Pipeline Authority are that North 

Dakota Bakken production alone could reach 400,000 – 500,000 bpd, implying total in the state of 

possibly 500,000 - 600,000 bpd.  Some estimates put the potential for total Bakken production (North 

and South Dakota, Montana, Saskatchewan30) at 800,000 – 1 million bpd by 201531,32.     

                                                           
26

 “Oil Patch Sets Course for China”, The Globe and Mail, Toronto, Ontario, July 24, 2010. 
27

 EIA Petroleum Navigator, http://www.eia.gov/dnav/pet/pet_crd_crpdn_adc_mbblpd_m.htm.  
28

 https://www.dmr.nd.gov/pipeline/production.asp.  
29

 Platt’s Plans First Price Assessments of Bakken Shale Fields Crude, April 6, 2010.  
30

 As stated elsewhere in the report, the study used the 2010 CAPP Growth Outlook for Canadian crudes.  This 
incorporated the projection that Bakken/Cardium formation crude oils in Saskatchewan would contribute over 
time to WCSB production of conventional light crude oil.  According to one source, total Saskatchewan 
Bakken/Cardium production could peak at 100,000 bpd. 
http://www.packersplus.com/pdfs/Canadian%20Business%20Making%20Bakken.pdf  
31

 “Rockin’ the Bakken” While Reducing the Oil’s Logistical Limitations, The Barrel, Nov 22, 2010.  
32

 In addition, there is growing interest in the potential of the Tyler formation which lies on top of the Bakken and 
extends into South Dakota. Current estimates are that the Tyler is one third to one half the size of the Bakken and 
so could further expand future regional oil and gas output. Source: Officials Find North Dakota’s Tyler Oil 
Formation Similar to Bakken, Lisa Anne Call, Forum Communications Co. Nov 18, 2010.  

http://www.eia.gov/dnav/pet/pet_crd_crpdn_adc_mbblpd_m.htm
https://www.dmr.nd.gov/pipeline/production.asp
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Table 3-1 summarizes existing capacity and potential projects to take crude away from the Bakken 

region.  Existing pipeline plus rail capacity totals approximately 450,000 bpd. This includes some very 

recent start ups and capacity expansions, including the EOG and Dakota Transport rail projects and 

expansions to the Enbridge North Dakota and Butte pipelines.  Because of recent limited takeaway 

capacity, up to 25,000 bpd of Bakken crude has been moving via truck.  Future pipeline and rail 

expansions are expected to eliminate truck movements, however.   

Several companies, notably Enbridge, Plains All American, Butte Pipeline and TransCanada, have 

proposed pipeline solutions for bringing additional Bakken crude to market.  In addition, Hess has a 

project to increase rail “takeaway” capacity.   Again these are summarized in Table 3-133.   If all listed 

projects were to be implemented, combined Bakken pipeline and rail takeaway capacity would double 

to over 900,000 bpd.   Pipeline capacity alone would total approximately 740,000 bpd.     

Enbridge has recently expanded to 161,500 bpd its existing line that runs east from Berthold, North 

Dakota, to the Mainline at Clearbrook, Minnesota.  Enbridge may also cease routing sour crudes through 

the line, increasing effective capacity by 28,500 bpd, and is proposing the reversal of its Portal line so 

that it runs north to join the Mainline system at Cromer, Manitoba.  In addition, an expansion of the 

Butte line south and west to PADD4 refineries has been put forward.  These three projects would add a 

total of 85,500 bpd of capacity by early 2011. A further Butte expansion, and the Hess Tioga rail project, 

would add 110,000 bpd more capacity by early 2012.    

In early November, Plains All American, L.P. (PAA) announced a Bakken North project with two pipeline 

legs.   The first leg would take 55,000 bpd of Bakken crudes, expandable to 75,000 bpd, from Trenton, 

North Dakota, to the Canadian border where it would feed in to the second leg, the Wascana line that 

would be reversed to run north to Regina, Saskatchewan.   There the system could connect into either 

Keystone or Enbridge lines to take the crudes to PADD2.  Subject to permits, PAA anticipates placing the 

Bakken North project into service in late 2012.   

The Enbridge Bakken expansion would add a parallel line north along its Portal route to join the Mainline 

at Cromer in Manitoba (and thence re-cross the border back into the US).   Initial capacity for the line to 

Cromer is indicated at 120,000 bpd with start-up first quarter 2013.   

In addition, TransCanada is currently assessing market interest in tying Bakken crude into the planned 

Keystone XL line that would cut through Montana and South Dakota.  The tie-in point would be at Baker, 

Montana, directly on the proposed KXL line.  Baker is already a hub for Bakken crudes.  Third party 

gathering and pipeline facilities34 would deliver to three tanks at Baker.  Two tanks would also be added 

at Cushing.  The additional tankage would enable segregated accumulation and delivery of Bakken 

                                                           
33

 A number of the projects listed in Table 3-1 have been presented under the name “Bakken 300”.  See, inter alia, 
Rocky Mountain Crude Oil Market Dynamics, Tad True, Belle Fourche & Bridger Pipelines, Wyoming Pipeline 
Authority, October 26, 2010.  
34

 The Bakken Marketlink would lift crudes from existing facilities for Bakken crude at Baker, which could be 
augmented by the development of a third party (Quintana) pipeline system that will gather Bakken crudes in 
western North Dakota.  
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crude, which is a light, sweet crude with a higher value.   The Bakken open season closed November 19th 

2010, and a final decision from TransCanada on whether to go ahead with integration of Bakken crude 

into the KXL project is not expected until early 2011.  TransCanada is targeting a first quarter 2013 start-

up.  Especially if the related Quintana project to gather Bakken crude into the KXL at Baker goes ahead, 

volumes of Bakken crudes placed into KXL could exceed 100,000 bpd.  

Announcements on Bakken production and takeaway projects have been evolving rapidly during the 

period in which this study was undertaken.  In addition, the status of the various projects varies from 

firm to indeterminate.   Consequently, some – but not all – of the projects were accounted for in the 

modeling analysis.  Specifically, capacity approximately equivalent to the Enbridge and Butte projects 

was allowed for whereas the potential Bakken MarketLink into Keystone XL was not incorporated.  Thus, 

in the study cases conducted, Bakken crudes flowed through other lines but not through KXL.   

Overall, sufficient capacity was allowed to move projected Bakken production volumes to market.  

However, even though EnSys adjusted upward EIA’s AEO projections for Rocky Mountain crude oil 

production (which includes the Dakotas and Montana) to better allow for Bakken developments, the 

resulting projections used were still conservative considering information now to hand.  In addition, 

more account could arguably be taken of the rail projects to move Bakken crudes.  The assumption 

implicit in the study was that, over the longer term, volumes of Bakken crude shipped long distances 

would move predominantly via pipelines as these are generally lower cost than rail.   

In summary, further analysis could be warranted to evaluate latest available assumptions and 

projections relating to the Bakken.   A decision by TransCanada to go ahead with the Bakken MarketLink 

could raise total crude volumes moving through the KXL pipeline, alter the mix between WCSB and 

Bakken crudes with their different characteristics, and/or alter the market destinations for Bakken and 

other crude oils.   



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

22  

 

 

Table 3-1 

Current capacity bpd

Tesoro Mandan refinery 58,000

Pipeline

Butte pipeline (to PADD4 refineries) 118,000

Enbridge North Dakota line to Clearbrook and PADD2 refineries 161,500

Rail

EOG, Stanley ND to Cushing OK, (started up Dec 2009) Dec 2009 65,000

Dakota Transport Systems, New Town ND to St. James LA Dec 2010 20,000

Smaller facilities in ND 30,000

Total Current Takeaway Capacity from North Dakota & Eastern Montana (1) 452,500

Projects

Planned in 

Service Date

Pipeline

Enbridge Portal Reversal, Berthold ND to Enbridge Mainline at Cromer, 

Manitoba Q1 2011 25,000

Enbridge Sour Service Cancellation on North Dakota line to Mainline at 

Clearbrook MN Q1 2011 28,500

Butte Expansion (to PADD4) Q1 2011 32,000

Butte Loop (to PADD4) Q1 2012 50,000

Plains North American Bakken North Project, Trenton ND to Enbridge 

Mainline and/or Keystone Mainline at Regina Saskatchewan Q4 2012 50,000

Enbridge Bakken Expansion, Berthold ND to Enbridge Mainline at Cromer, 

Manitoba (3) Q1 2013 120,000

Keystone XL Bakken Interconnect, Baker MT (4) Q1 2013 100,000

Rail

Hess, Tioga ND (5) Q1 2012 60,000

Total Potential Additions 465,500

Total Current Plus Potential Additions 918,000

Total Current Plus Potential Additions - Pipelines Only 743,000

Notes:

6. Primary source for above data: North Dakota Pipeline Authority, North Dakota Petroleum Council Annual Meeting, Justin J. 

Kringstad, Sept 23, 2010, Minot, ND

1. Excludes variable truck takeaway that currently ranges from 0 to 25,000 bpd.

4. Estimate of tie-in capacity.  Could be higher.  Related Quintana BakkenLink project would of itself have 100,000 bpd 

capacity for gathering Bakken crudes and moving to Baker ND for tie-in to KXL l ine.  Quintana projected start-up date is Q1 

2013.

3. Ultimate 300,000 bpd capacity. 

5. 120,000 bpd stated ultimate capacity. 

Bakken Crude Takeaway Capacity - Current & Projects

2. Project entails construction of a new line from Trenton ND, 50,000 bpd capacity expandable to 75,000 bpd, tieing in to the 

PAA 77,000 bpd Wascana pipeline that would be reversed to run north to Regina Saskatchewan.   Sources: PAA website and 

Downstream Today.com.  Project announced November 2010.
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3.2.3.3 East and South to PADD2, PADD3 

The development of additional pipeline capacity from Western Canada to PADD2 and then on to PADD3 

comprises the main area of current project activity.    

3.2.3.3.1 Alberta Clipper 

The Enbridge Alberta Clipper line came on stream in October 2010.  It is designed to carry heavy WCSB 

crude oils from Hardisty, Alberta, to Clearbrook, Minnesota, and on to Superior, Wisconsin.   Line 

capacity is 450,000 bpd, expandable to 800,000 bpd through the addition of pumping facilities35.   

Alberta Clipper is being built in conjunction with the Southern Lights pipeline.  This runs parallel to 

Alberta Clipper but in the opposite direction, taking diluent streams from Manhattan, Illinois, near 

Chicago, via northern PADD2 back to Hardisty and Edmonton.  Southern Lights initial capacity is 180,000 

bpd, expandable to 330,000 bpd.   Its purpose is to gather, and to some degree recycle, diluent streams 

to be used at Hardisty and Edmonton for blending WCSB bitumen into DilBit.   

 

3.2.3.3.2 Keystone Mainline & Keystone XL 

The Keystone XL project that is the primary focus of this report constitutes a major segment of two 

phased projects being undertaken by TransCanada under the Keystone/Keystone XL name.   The projects 

are designed to bring WCSB crudes, including oil sands, from Hardisty, Alberta, to PADD2 and then, via 

Cushing to the U.S. Gulf Coast; also, potentially, to transport Bakken and Oklahoma/West Texas crudes 

to Gulf Coast markets.   Table 3-2 summarizes the phases of Keystone based on information from and 

discussion with TransCanada as of mid November 2010.  Figure 3-4 illustrates the detail of the pipeline 

segments and routings.  

Keystone Mainline36, or Phase I, (denoted by the number 2 in Figure 3-3, and the blue line in Figure 3-4), 

comprises a pipeline with 30” then 34” then 30” sections that runs east from Hardisty, Alberta, crosses 

the border at Haskett, Manitoba, then runs south to Steele City, Nebraska, and from Steele City east to 

Wood River and Patoka, Illinois.  At Wood River, the line links to the ConocoPhillips/Cenovus WRB joint 

venture refinery and at the Patoka terminal to the Plains All American pipeline.  This in turn enables 

onward delivery to additional refineries in the region37. The WRB Wood River refinery is being revamped 

to raise its intake of heavy Canadian crudes from the 164,000 bpd level that obtained in 200938 to 

                                                           
35

 Enbridge to Assist Enbridge Energy Partners with U.S. Alberta Clipper Funding, July 20, 2009.  
36

 TransCanada refers to the “Base” system as “Mainline”.  
37

 Patoka is also the terminus for the 1.1 mbd Capline crude oil pipeline which originates in St. James, Louisiana and 
is a hub for other crude oil pipelines.  Capline moves imported crudes from the Gulf Coast to the Midwest (PADD2).  
It includes two docks capable of handling 600,000 bbl tankers and has access to the Louisiana Offshore Oil Port 
(LOOP) for crude oil supplies.    
38

 Source: EIA 2009 crude imports data.  
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approximately 240,000 bpd39 from 2011 onward.  Keystone Mainline Phase I initial pipeline capacity 

from Hardisty to Wood River/Patoka is 435,000 bpd.  Phase I started commercial operations in July 

2010.   

The Keystone Cushing Extension, or Phase II, both raises the capacity of each of the Hardisty to Steele 

City and the Steele City to Patoka pipeline legs to 591,000 bpd and adds an extension from Steele City 

south to Cushing, Oklahoma (the orange line in Figure 3-4). The leg to Cushing also has a capacity of 

591,000 bpd. However, under Phase II, the system will be run in batch mode such that crude shipping 

from Steele City will, at any one time, be either east to Wood River/Patoka or south to Cushing. Thus the 

upper section of the line down to Steele City will operate continuously while the eastern and southern 

legs below Steele City will operate on an either/or basis, depending on where a given batch is routed. 

Either or both of these two legs will thus operate, on a monthly average basis, below their rated 

capacity.  Phase II is completing construction with commercial operation expected in the first quarter of 

2011.  

The Keystone XL expansion comprises two distinct segments.  The segments consist of the new Northern 

KXL line which would cut diagonally cross-border from Hardisty to Steele City via Montana and South 

Dakota (the green line in Figure 3-4) and a further extension south (the purple line in Figure 3-4) in the 

form of a new pipeline from Cushing to the Gulf Coast at Nederland/Port Arthur.  Both segments have 

stated commercial start dates of first quarter 2013, subject to permits.  However, the Cushing to Gulf 

Coast extension is being described as Phase III (the “Gulf Coast segment”) and the Northern KXL line as 

Phase IV (the “Steele City segment”) since TransCanada anticipates the former may go ahead first.  

The scope of coverage of the Presidential Permits TransCanada is seeking is limited to the facilities at the 

border up to the first shut-off valve, although the environmental analysis and mitigation measures apply 

to the whole pipeline in the U.S.  Thus the Presidential Permit does not cover the Cushing to Gulf Coast 

segment.  It is included in the project description because of National Environmental Policy Act (NEPA) 

requirements, not because of the Presidential Permit. 

Both pipelines would have a diameter of 36”.  Stated initial capacity for both the Northern KXL line 

(Steele City Segment) and the Cushing to Gulf Coast segment is 700,000 bpd.  The capacity of the Steele 

City to Cushing segment would be expanded to deliver 700,000 bpd of capacity from Hardisty to the U.S. 

Gulf Coast.  The resulting aggregate capacity of the Keystone Mainline and XL lines would be 1.29 mbd.   

Unlike under Phase II, the expanded system would run the Steele City to Wood River/Patoka and the 

Steele City to Cushing/Gulf Coast segments simultaneously in order to absorb the full inflow from 

Hardisty.   Following the completion of Phase IV, the Phase II Cushing leg would no longer connect to the 

Phase I (Mainline) system.  In other words, and referring to Figure 3-4, the blue line from Hardisty to 

Wood River/Patoka and the green-orange-purple line from Hardisty to Cushing and the Gulf Coast would 

operate separately (even though they both pass through Steele City, Nebraska).       

                                                           
39

 http://www.cenovus.com/operations/refineries/wood-river-and-borger.html 
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TransCanada states that it has secured 910,000 bpd of commercial contracts for transit on the Keystone 

Mainline and XL pipelines.  Of the 910,000 bpd, 375,000 bpd are committed to Wood River/Patoka, 

Illinois, 155,000 bpd to (for take-out at) Cushing and 380,000 bpd to the Gulf Coast.  Commitments to 

Wood River/Patoka and to Cushing are covered by Keystone capacity either started up or under 

construction.  Commitments to the Gulf Coast are subject to Keystone XL permitting and construction.    

The total 910,000 bpd commitment equates to 70% of the 1.29 mbd total Keystone capacity that would 

be in operation were KXL built.  Committed throughput is 375,000 bpd out of 591,000 bpd capacity 

(63.5%) on the Keystone Mainline system from Hardisty through to Wood River/Patoka.  On the KXL 

segments from Hardisty to Steele City, Nebraska, and on to Cushing, the committed throughput would 

be 155,000 bpd for take-out volume at Cushing  + 380,000 bpd on to the Gulf Coast = 535,000 bpd out of 

700,000 bpd capacity (76.4%).  On the segment from Cushing to the Gulf Coast, the committed 

throughput would be 380,000 bpd out of 700,000 bpd capacity (54.3%)40.   

In designing the Keystone pipeline system, TransCanada has allowed for future increases in pumping 

capacity such that eventual capacity across the U.S. border is indicated at 1.5 mbd.   Expansion is 

expected to be on the green-orange-purple XL line in Figure 3-4, with capacity to the Gulf Coast 

potentially increasing from 700,000 to 900,000 bpd.   

 In addition to the two KXL Phases described above, TransCanada has been running two “open seasons” 

labeled Cushing MarketLink and Bakken MarketLink.  The purpose of the open seasons is to assess 

shipper interest in signing up for contracted shipments on either of these projects, and both open 

seasons were offered for operation starting first quarter 2013.  The open seasons closed on November 

19, 2010.  Their results – and consequently whether TransCanada will decide to go ahead with either or 

both - will not be known until early 2011.   

Cushing Marketlink is a proposed project that would serve market demand for more pipeline exit 

capacity from Cushing; this by enabling West Texas/Mid-Continent crudes to feed into KXL at Cushing 

and so be routed south to the Gulf Coast.  It would use facilities that form part of the Phase III Gulf Coast 

Segment.  Bakken Marketlink would serve market demand for more pipeline exit capacity from the 

Bakken region in Montana and North Dakota.  It would constitute a tie-in to the Phase IV northern KXL 

line at Baker, Montana, as discussed in Section 3.2.3.2.   TransCanada has stated that neither the Bakken 

Marketlink nor the Cushing Marketlink are part of the KXL pipeline project, though both are dependent 

upon it. 

                                                           
40

 Based on information from TransCanada, 100% of the initial capacity of 435,000 bpd on the Keystone Mainline 
system was offered commercially.  The resulting 375,000 bpd of contracts equated to an 86% contracted capacity 
percentage.  The commitment for 155,000 bpd of take-out volume at Cushing provided the incentive to raise the 
capacity on the Mainline system (to 591,000 bpd) as well as to proceed with the line segment from Steele City to 
Cushing.  On Keystone XL, the intended physical capacity has always been 700,000 bpd.  However, in the open 
season, only 500,000 of the 700,000 bpd total was offered commercially – and led to 380,000 bpd of contracts.  
200,000 bpd of capacity was held back to leave room for future operational flexibility and as a reserve to cover 
presumed growth.   



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

26  

 

 

Figure 3-4 
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Table 3-2 

 

Phase I Phase II Phase III Phase IV

Base / 

Mainline(1)

Cushing 

Extension

Gulf 

Coast 

Segment

Steele City 

Segment 

(Northern 

Line)

Part of KXL no no yes yes

Keystone Pipeline Segment

Hardisty to Steele City (MainLine) 435 591 591 591 30"/34"/30" (2)

Hardisty to Steele City (KXL) 700 36"

TOTAL Hardisty to Steele City (3) 435 591 591 1291

Steele City to Wood River/Patoka 435 591 591 591 30"

Steele City to Cushing 0 591 591 700 36"

TOTAL out of Steele City 435 591 591 1291

Lines operate
either/or 

batch

either/or 

batch
simultaneous

Cushing to Gulf Coast

Cushing to Nederland/(Houston spur) 0 0 700 700 36"

Commercial Operations Start Date July 2010 Q1 2011 Q1 2013 Q1 2013

Ability to Drop off Crudes at Cushing no yes yes yes

Ability to Pick up Crudes at Cushing no (4) (4) (4)

Ability to Pick up Bakken Crudes no no no (5)

Net Totals

WCSB to PADD2 435 591 591 1291

PADD2 to PADD3 (USGC) 0 0 700 700

Notes:

1. TransCanada use the term "Mainline" to describe the initial ("Base") Keystone system

2. 30" then 34" l ine in Canada, 30" in USA.

3. Potential eventual total Keystone capacity is stated as 1.5 mbd with l ikely 900,000 bpd to Gulf Coast. 

6. The Bakken and Cushing Marketlink proposals are stated by TransCanada as not being part of KXL per se.

Keystone / XL Capacities & Phasing

Line DiameterCapacity in thousand bpd

4. Interest in picking up crudes at Cushing to move to GC being assessed under Cushing Market Link open season. 

Being offered for Q1 2013. 

5. Interest in picking up Bakken crudes as XL l ine passes through Montana/Dakotas being assessed under Bakken 

Market Link open season. Being offered for Q1 2013. 
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3.2.3.3.3 Other Gulf Coast Projects 

As stated in earlier in this Section, pipeline routes for moving crude from PADD2 to the U.S. Gulf Coast 

are currently limited to the ExxonMobil Pegasus system, which has a capacity of less than 100,000 bpd.  

Small volumes of WCSB crudes have been moving to the Gulf Coast by tanker via the Panama Canal from 

the Vancouver Westridge dock and by barge from PADD2.   

Pipeline companies other than TransCanada have announced a number of pipeline projects from PADD2 

to the U.S. Gulf Coast.  Enbridge has previously listed potential projects with both ExxonMobil and BP.  

Its latest announcement, in September/October 2010, is referred to as the Monarch project.  This would 

move light and/or heavy crudes from PADD2 to the Gulf Coast through a new 24” line from Cushing to 

the Houston area.   Initial stated capacity would be 370,000 bpd of light sweet (or 250,000 bpd of 22 

degrees API heavy crude), expandable to 480,000 bpd light, or 325,000 bpd heavy41.   

In addition, the 30” Seaway crude oil pipeline runs north from Freeport, Texas, to Cushing.  The line is 

owned by a 50:50 joint venture of Enterprise Products Partners and ConocoPhillips42.  It is rated at 

350,000 bpd but is currently reported as underutilized.  The partners have reportedly examined the 

feasibility and cost of reversing the line such that it would run from north to south.  On the basis of 

running heavy crudes, and recognizing pipeline wall thickness limitations, the north to south capacity 

could be nearer to 200,000 bpd.  As of the date of this report, no decision has been taken on the 

reversal.  A continuing need to move crude volumes north is a factor, although any reduction in the 

future in that need could release the line for reversal.         

 

3.2.3.4 Eastern Canada Line 9 Reversal 

As crude oil availability from WCSB has grown, refineries at Sarnia have taken in greater volumes from 

western Canada.  Consequently, throughputs on the Portland Montreal Pipe Line (PMPL )/ Line 9 system 

from Portland, Maine to Sarnia have been dropping.   Enbridge, the operator of Line 9, has considered 

the option of reversing Line 9 and PMPL so that they would carry WCSB crudes east to the New England 

coast and thence to markets on the U.S. East Coast, Gulf Coast and potentially elsewhere.  This project, 

labeled Trailbreaker, was reported as shelved by Enbridge in early 200943.  

                                                           
41

 “Infrastructure Solutions for the Bakken and Three Forks”, Mike Moeller, Enbridge Pipelines (North Dakota) LLC, 
North Dakota Petroleum Council Annual Meeting, Minot, North Dakota, September 23, 2010.   
42

 ConocoPhillips also owns 100% of the Seaway products line.  This 20” line also runs from south to north.  
43

 PMPL/Line 9 reversal was included as a project in early WORLD model cases.  However, the capacity was not 
utilized, tending to support the view that such a line would be uneconomic. It would constitute a very lengthy and 
roundabout route to market.   
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3.2.3.5 Summary of Export Projects 

Table 3-3 provides a summary of pipelines that would support export and delivery of WCSB crude oils.   

Projects to increase takeaway capacity for Bakken crude, which could impact on the effective capacity of 

pipelines listed in Table 3-3 to carry WCSB crudes, are discussed in Section 3.2.3.2.    

 

 

Table 3-3 

 

 

 

 

 

Pipeline Project Destination
Capacity 

bpd

Expansion 

Possible 

to

Completion as 

Listed by 

Operator

Status

WCSB West to BC

Kinder Morgan Transmountain TMX1 expansion Vancouver, BC 300,000 Nov 2008 Operational

Kinder Morgan Transmountain TMX2 Expansion Vancouver, BC 80,000 2015/16 On hold pending commercial interest

Kinder Morgan Transmountain TMX3 Expansion Vancouver, BC 320,000 2016/18 On hold pending commercial interest

Kinder Morgan Northern Leg Kitimat, BC 400,000 On hold, longer term proposal

Enbridge Northern Gateway (1) Kitimat, BC 525,000 800,000 2016/17
Proposal submitted to NEB Joint 

Review Panel May, 2010 - In Review

WCSB Cross Border to US PADD-2

Enbridge Alberta Clipper Clearbrook, MN 450,000 800,000 Oct 2010 Operational Oct 2010

Transcanada Keystone MainLine (Base) Wood River/Patoka, IL 435,000 (2) Jun 2010 Operational July 2010

Transcanada Keystone MainLine (Expansion) Wood River/Patoka, IL 156,000 (2) Q1-2011 Completing pumping upgrades

Transcanada Keystone Cushing Extension Cushing, OK 591,000 (2) Q1-2011 Completing construction

Transcanada Keystone XL - Phase IV (Steele City 

Segment)
Steele City, NE 700,000 (2) Q1-2013

NEB Approved March 2010 -Pending 

Presidential Permit

Domestic Pipelines PADD-2 to PADD-3

TransCanada Keystone XL - Phase III (Gulf Coast 

Segment)
Port Arthur/Houston, TX 700,000 (2) Q1-2013

NEB Approved March 2010 -Pending 

Presidential Permit

Enbridge Monarch Cushing to Gulf (3) Houston, TX 370,000 480,000 2014 Proposed mid 2010

Non-Pipeline Projects

CN Rail/Altex "PipelineOnRail" Rail routes to Kitimat, BC, and to US Gulf Coast being offered - status uncertain

Notes

1. Northern Gateway Project also includes a 193,000 bpd pipeline to import condensate (diluent) from Kitimat to Edmonton

2. Total Keystone/XL system listed as expandable from 1.29 to 1.5 mbd. Resulting total capacity to Gulf Coast expected to be 900,000 bpd

3. Listed capacities are for l ight sweet crude. For 22 API heavy crude, stated capacities are 250,000 bpd initial and 325,000 eventual

Summary of Recently Completed and Proposed Projects Supporting WCSB Exports 



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

30  

 

3.2.4 WCSB Production versus Export Capacity Outlook 

Table 3-4 summarizes nominal or nameplate export capacity for WCSB crude oils and compares this with 

estimated WCSB crude supply based on the 2010 Growth projection issued by the Canadian Association 

of Petroleum Producers (CAPP)44.  Approximately 460,000 bpd of WCSB crude oils are processed local to 

their source in refineries mainly near Edmonton.  Apart from volumes processed there, all other WCSB 

crudes must move via pipeline (or rail) to either the British Columbia coast, PADD4 or PADD2, the latter 

with onward connections to PADD3, eastern Canada and PADD1.   Table 3-4 includes existing pipelines, 

those under construction or start-up and Keystone XL.  Possible additional projects, such as 

Transmountain TMX 2 and 3 are not included.  

 

Table 3-4 

                                                           
44

 This study uses the CAPP data specific to WCSB “supply to trunk lines and markets” downstream of upgraders 
and blending.  Gross production of “raw” oil sands from the WCSB is also projected by CAPP as a separate data 
series.  While total CAPP figures for WCSB production and supply are essentially identical for 2010, over time, the 
CAPP projection for supply becomes gradually higher than that for production such that, by 2025, their total WCSB 
supply figure is some 8%, 337,000 bpd, above their production projection.   The reason for this is that the CAPP 
projection assumes most incremental oil sands bitumen will be delivered to market as DilBit, i.e. as a blend of raw 
bitumen with condensate type diluent.  Therefore, built in to the CAPP projection is a steadily increasing intake 
from non-Canadian sources of diluent streams that are blended with WSCB bitumen into DilBit that is then 
counted as supply to market.  This rising intake of diluent from outside WCSB is the reason for “supply” becoming 
gradually larger than raw production.  In the WORLD modeling analysis, the need for growing diluent volumes to 
blend with bitumen was taken into account.   

2008 2010 2011 2013 2015 2020 2025 2030
Vancouver BC Transmountain (1) 0.225 0.300 0.300 0.300 0.300 0.300 0.300 0.300

PADD4 Express/Milk River/Rangeland 0.485 0.485 0.485 0.485 0.485 0.485 0.485 0.485

PADD2 Enbridge Mainline 1.870 2.055 2.055 2.055 2.055 2.055 2.055 2.055

PADD2 Enbridge Alberta Clipper (2) NEW 0.110 0.450 0.450 0.450 0.450 0.450 0.450

PADD2 Transcanada Keystone Base (3) NEW 0.218 0.435 0.435 0.435 0.435 0.435 0.435

PADD2 Transcanada Keystone Extension NEW 0.156 0.156 0.156 0.156 0.156 0.156

PADD2 Transcanada Keystone XL (4) Permitting 0.700 0.700 0.700 0.700 0.700

Total WCSB Pipeline Export Capacity (5) 2.580 3.168 3.881 4.581 4.581 4.581 4.581 4.581

Total WCSB Crude Supply (6) 2.436 2.565 2.755 3.082 3.275 3.811 4.528 4.848
less WCSB crude processed at Edmonton refineries (7) (0.450) (0.462) (0.462) (0.462) (0.462) (0.462) (0.462) (0.462)

Net WCSB Supply to be Moved by Pipeline out of Alberta (8)

1.986 2.103 2.293 2.620 2.813 3.349 4.066 4.386
Total Surplus Capacity with Keystone XL 0.594 1.065 1.588 1.961 1.768 1.232 0.515 0.195

Total Surplus Capacity without Keystone XL 0.594 1.065 1.588 1.261 1.068 0.532 (0.185) (0.505)

Notes:

1. Line capacity is 300,000 bpd but approximately 50,000 bpd is currently used to transport products 

2. Fractional 2010 capacity shown as start up October 2010

3. Fractional 2010 capacity shown as start up July 2010

4. 700,000 bpd capacity from Hardisty to Steele City, NB, and on via Cushing to USGC

5. WCSB export capacity does not take into account any potential that could be added by non-pipeline modes, e,g, CN Rail / Altex

6. WCSB supply from CAPP data, comprises streams to market downstream of upgraders and blending

8. Includes WCSB crude sent on Transmountain pipeline to refinery at Burnaby near Vancouver, BC 

WCSB Crude Pipeline Export Capacity Outlook - Existing Pipelines plus Keystone XL

7. Estimated from CAPP data. Edmonton refinery throughputs assumed in this calaculation to remain constant at 2010 levels although 

the reality may well be different.  
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Figure 3-5 includes the data from Table 3-4, i.e. the figure is based on nameplate line capacities.  The 

graph shows that, if no further projects were built between now and 2030 beyond those listed in Table 

3-4, then surplus export capacity would exist until around 2024 assuming (a) all pipelines being used at 

full “nameplate” capacity and (b) growth in Canadian oil sands production matching the 2010 CAPP 

projection.  However, it is unrealistic to assume or plan on the basis that all lines would at all times (be 

able to) run full.  Figure 3-6 illustrates the effect of applying a more conservative long run average 

system-wide utilization rate of 90%45.  On this basis, additional export capacity would be needed soon 

after 2020, still assuming that no other pipeline project is built in the next decade.  The implication is 

that, while Keystone XL, coming on line in 2013, would add to the excess in export capacity through 

2020, its capacity - or an alternative (i.e. other projects in Section 3.2) - would be needed soon after 

2020 to sustain WCSB production at the levels projected by CAPP.    Figure 3-7 illustrates the net WCSB 

export capacity surpluses/deficits assuming both nameplate and effective pipeline capacities.   

Any increase in WCSB output versus the CAPP projection would bring that date nearer and vice-versa.  

Equally, other pipeline projects coming on-stream in the 2015-2020 time frame, (e.g. TMX 2 and 3, 

which would add a total of 400,000 bpd), would push back the date when Keystone XL or other 

equivalent export capacity would be needed to avoid shutting in WCSB production.   

It is thus clear that recent and current projects (excluding KXL) have led to a surplus in cross-border 

export capacity into the USA that would take around ten years to eliminate, assuming (a) the 2010 CAPP 

projection for production is realized and (b) no new pipelines from the WCSB to the West Coast are 

opened.   

However, cross-border capacity alone and associated excess is not the whole story.  Key questions also 

relate to the onward delivery of WCSB crude oils to refineries within U.S. regions other than PADD2 and 

to the potential for export routes that would diversify WCSB destinations outside the U.S.  A central goal 

of the analysis was to address these and their implications.          

                                                           
45

 Recent issues with the Enbridge Mainline system and associated WCSB production shut-ins including into 
December 2010, (Devon Trims Oil Output, Cites Pipeline Problems, Ryan Dezember, Dow Jones Newswires, Dec 10, 
2010), indicate that, even with Alberta Clipper and Keystone Mainline (initial capacity) under start-up, the total 
system for transporting WCSB crudes into the U.S. is still tight, i.e. that effective capacity may be below nominal. 
The issues highlight the necessity for redundant nominal capacity.     
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Figure 3-5 

 

Figure 3-6 
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Figure 3-7 
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4 Scope & Basis of Analysis 
 

The scope of this analysis centers on addressing the questions set out in Section 2.2 above, exploring the 

impacts on the U.S., Canadian and global crude oil and refining systems and markets  of (a) building and 

(b) not building the Keystone XL pipeline.  Because the combination of other available pipelines is a key 

uncertainty, the study took the form of scenario analysis, examining seven different pipeline scenarios, 

(see Section 4.4), each applied used two different outlooks for U.S. oil demand (see Section 4.3.1).  All 

scenarios are based on the assumption that Canadian oil production capacity realizes the CAPP 2010 

Growth projection (see Section 0).  This section also provides a basic overview of the models that 

generate results for each scenario and associated calculation of greenhouse gas emissions.  

  

4.1 Methodology/Approach 

The study design employed EIA and EPA outlooks for U.S. and global oil supply, demand - and world oil 

price - to which were applied sets of assumptions about available pipelines, together with refining and 

other bottom up detail. These cases were modeled to gauge crude oil flows, refining activities, market 

prices and other parameters under each scenario.  The results provided insights into the impacts of the 

Keystone XL pipeline on key aspects of the U.S., Canadian and global petroleum sectors. 

The methodology centered on the use of EnSys’ WORLD model.  This provides an integrated approach 

encompassing the U.S., Canadian and global supply systems that: 

 Encompasses total oil liquids (non-crudes as well as crudes and all petroleum 

products) worldwide 

 Characterizes petroleum market dynamics for 22 world regions with U.S. 

breakdown by PADD with sub-PADD refining detail 

 Provides simulation and projection of the U.S. and Canadian petroleum supply 

and refining systems operating within the total global competitive system and 

market 

 Integrates “top down” oil supply/demand/world oil price scenarios with 

“bottom up” detail on crudes and non-crudes supply, refining, product type and 

quality, transportation and economics 

 Captures the interactions between regions and the effects of developments in 

supply, transportation, refining capacity, product demand and quality on trade, 

refining and market activity and economics.  

WORLD results generated in this study encompassed the key parameters of the industry with U.S. and 

Canadian detail plus other world regions in aggregate, including: 
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 Refining throughputs, utilizations, investments 

 Crude flows into the U.S., from Canada and from other origins; and in aggregate 

globally 

 Product flows into and out of the U.S. and in aggregate globally 

 Supply costs of crude oil and products imports to the US 

 Refinery CO2 emissions U.S. and non-U.S. 

For more information on WORLD and parameters used for this study, see the Appendix. 

To undertake the study, cases were first developed based on the Reference case for the U.S. Energy 

Information Administration’s 2010 Annual Energy Outlook (AEO). This comprises an outlook for world oil 

price and for global oil supply and demand with regional breakdown, including U.S. detail. .  Base 

WORLD model cases were established for 2010, 2015, 2020, 2025 and 2030, thereby allowing the broad 

U.S. and global evolution of refining, trade and related activities and economics to be examined and 

understood.  Seven specific scenarios regarding KXL and other potential pipeline developments (or 

restrictions) were then applied across the model horizons to examine the impacts of different 

assumptions regarding available pipeline capacity.   

Outputs from WORLD cases include U.S. and non-U.S. refinery CO2 emissions but not emissions 

associated with production of crude oil upstream of the refinery.  Using WORLD results as input for the 

Energy Technology Perspectives model, the U.S. Department of Energy generated estimates of global 

life-cycle GHG emissions for the seven scenarios. 

Changes in lifecycle GHG emissions were calculated with the models and methodology used in deriving 

indirect impacts of petroleum consumption for the RFS2 program46. Lifecycle GHG emissions for 

transportation fuels may be grouped into five general areas: raw material acquisition, raw material 

transport, liquid fuel production, product transport and vehicle operation.47  Changes in upstream 

emissions (comprising the first two categories listed above) were calculated across scenarios using the 

modeled feedstock production changes from ETP and emissions factors for various crude oils as 

established by EPA.  More information may be found in the Appendix Section 4. 

The AEO oil demand outlook was then replaced with a projection of lower U.S. demand for refined 

products.  The DOE ETP model was used to estimate the impacts that a reduction in U.S. petroleum 

demand could be expected to have on world oil price and hence non-U.S. supply and demand, including 

WCSB oil sands production.  With world oil price, U.S. and non-U.S. supply and demand adjustments in 

place, the WORLD model was then rerun for the full suite of seven pipeline scenarios.  The DOE ETP 

model was then used to generate associated estimates of global life-cycle GHG emissions impacts.    

Key premises and results for each scenario are summarized here in the main body of the report and are 

detailed in the Appendices.    

                                                           
46

 Petroleum Indirect Impacts Analysis (February 1, 2010), EPA-HQ-OAR-2005-0161-3156. 
47

 DOE/NETL, An Evaluation of the Extraction, Transport and Refining of Imported Crude Oils and the Impact on Life 
Cycle Greenhouse Gas Emissions, March 27, 2009, DOE/NETL-2009/1362. 
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4.2 Study Exclusions 

The study did not explore the sensitivity of results to changes in the initial assumption of Canadian crude 

oil production through 2030. In addition, the study limited or excluded the following. 

  

4.2.1 U.S. Climate Policy  

Although federal U.S. climate legislation or regulatory action could be enacted during the timeframe of 

the study, this assignment excluded consideration of any potential U.S. Federal, regional or state 

regulatory or legislative action on climate change.  The study did include California’s Law AB32 since this 

is in force, but only in so far as the law discourages California refineries from buying Canadian oil sands 

crudes.  The EU climate regime was incorporated and was projected as moving forward with moderately 

increasing carbon costs over time.  Potential U.S. policy actions are implicitly assumed in the lower U.S. 

demand outlook for refined oil products. EPA described the analysis in which it developed its low 

demand outlooks as focused on “the GHG reductions that could be derived directly from the 

transportation sector if effective drivers were in place”48. 

 

4.2.2 Oil Sands Upgrading Emissions and Life-Cycle Analysis 

The analysis used features built into WORLD to project refinery CO2 emissions by region, U.S. and non-

U.S., by scenario.  The WORLD modeling excluded any computation or consideration of carbon 

footprints of crude oils and non-crude supply streams, (including the life-cycle/LCFS carbon footprint of 

Canadian oil sands), or of the CO2 emissions associated with transportation of oil streams and 

combustion of oil products.  Specifically, the EnSys analysis did not consider or model oil sands 

upgrading processes and technologies but began from and used as inputs oil sands streams as delivered 

to market, i.e. those grades and volumes available after blending with diluent and or upgrading.   

Further, the study did not consider any variations in the mix of oil sands streams to market, e.g. 

variations in the proportions of DilBit, SynBit and fully upgraded synthetic crude oil (SCO).   As described 

in Section 4.3.2, the latest CAPP projection was used to create a single “reference” outlook for Canadian 

crude supply volumes and mix.  

Global life-cycle GHG emissions impacts were, however, estimated by the Department of Energy using 

results from WORLD and other data in their ETP model.  Those results are included in this report.    

 

                                                           
48

 EPA Analysis of the Transportation Sector Greenhouse Gas and Oil Reduction Scenarios, February 10, 2010. 
http://www.epa.gov/oms/climate/GHGtransportation-analysis03-18-2010.pdf.  

http://www.epa.gov/oms/climate/GHGtransportation-analysis03-18-2010.pdf
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4.2.3 Alberta Oil Sands Vision 

The Alberta government has recently altered its royalty strategy such that this now includes taking 

royalty in kind.  Thus the government will have available to it a growing stream of oil sands bitumen.  

Northwest Upgrading has been awarded a contract to process and upgrade royalty bitumen.  Upgrading 

configuration has been evaluated. Announced plans are to focus on hydrocracking (rather than coking), 

on distillates production and on gasification with recovery of CO2 for use in EOR projects.  Initial capacity 

is indicated as 50,000 bpd with subsequent growth phases.   Overall, this is seen as a first step by the 

Alberta government in realizing a vision under which major, latest technology oil sands facilities produce 

both fuels products and petrochemicals, including – potentially - for sale into the USA.  Again, EnSys did 

not attempt to include or evaluate such developments.  As described in Section 4.3.2, the study used 

CAPP projections for WCSB oil sands supply and mix of blended/upgraded streams. 

4.2.4 Time Period After 2030 

Although the project life for a major pipeline such as Keystone XL is generally taken as fifty years, this 

study covers the time frame from 2010 to 2030.   The EnSys WORLD model is currently configured to 

project only 20 years ahead49.  The underlying reason is that the level of uncertainty in any longer term 

analysis of the details of global refining activity, trade, market economics etc. is generally considered too 

great to yield meaningful results.  In addition, the time frame for projections in the EIA Annual Energy 

Outlook used for this study reached only to 2035.  

4.2.5 Corporate Strategy Effects 

Under this study, scenarios were developed across time that were driven by refining and supply 

economics as simulated in the EnSys WORLD model.   The crude destination and other impacts projected 

are a result of those drivers.   

The WORLD modeling approach does not attempt to endogenously model commercial or corporate 

strategies that might affect pipeline construction.  Therefore, the study makes no judgment on whether, 

for instance, early construction of one pipeline could deter or otherwise modify investor interests in 

other projects.  Similarly, the study neither assumes nor models the extent to which producers, shippers 

and/or refiners might seek specific commercial terms that reflect factors such as the value of securing 

long term supply or sales. In that respect, the study did not “lock in” WCSB or other crude oil 

dispositions established in earlier study horizons, including existing long-term contracts for existing 

routes.  Rather, dispositions were allowed to change over time to reflect changes in scenario pipeline 

capacities and refining economics factors.  However, such corporate strategies as described above could 

be considered as being incorporated in the assumptions that underlie each scenario, especially as 

regards those that set the extent and timing of pipeline capacity expansions.     

                                                           
49

 EnSys has conducted numerous WORLD projects in the last five years for the EPA, American Petroleum Institute, 
World Bank, International Maritime Organisation, OPEC Secretariat and others.   To date in these studies, the latest 
horizon evaluated has been 2030.   Current EnSys plans are to extend to 2035 during 2011.     
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4.3 Study Basis and Outlooks 

 

4.3.1 Demand Outlooks 

The study applied two different outlooks for U.S. petroleum product demand.  

The primary study basis was the Reference Case from the 2010 U.S. Energy Information Administration 

Annual Energy (“AEO” or “Reference”) Outlook50.  Under the 2010 AEO outlook, world oil price rises 

from an estimated $67.40/bbl in 2010 to $111.49/bbl in 2030 ($2008).  Global oil demand rises from 

85.9 mbd in 2010 to 95.6 in 2020 and 105.9 in 2030, an increase of essentially 1 mbd each year totaling 

20 mbd over the period.  (See Table 4-1.)  Of this 20 mbd, growth is dominated by China at 7.3 mbd, plus 

India/rest of non-OECD Asia at 4.8 mbd and the Middle East/Africa at 3.3 mbd. In total, non-OECD 

regions account for 82.5% of the demand growth and OECD regions 17.5% through 2030. Of the 

projected 3.6 mbd growth in OECD, the USA (50 states plus insular properties) accounts for 2.3 mbd. 

Growth in Australasia and Mexico is projected as moderate and that in Europe, Japan, South Korea and 

Canada as minimal.     

A second “Low Demand” outlook was also applied to each of the seven pipeline availability cases to 

assess the impacts of reduced consumption of transport fuels in the U.S.  This outlook was based on a 

February/March 2010 study by the EPA51 which examined “more aggressive fuel economy standards and 

policies to address vehicle miles traveled”.  Projections were used from the EPA’s Scenario A, leading to 

reductions in U.S. petroleum product consumption versus the AEO 2010 outlook starting post 2015 and 

reaching 1.2 mbd by 2020 and 4.0 mbd by 2030.   

The AEO and Low Demand outlooks for U.S. demand are compared in Figures 4-1 and 4-2.  As can be 

seen, the differences lie predominantly in the projections for transport fuels demand, led by a 2.8 mbd 

reduction in 2030 gasoline consumption in the Low Demand scenario relative to the AEO.   Under the 

AEO outlook, U.S. petroleum demand continues to slowly increase, although associated growth in supply 

of biofuels under the RFS-2 mandate means projected ex-refinery demand for products is essentially 

flat.   Under the Low Demand outlook, a marked reduction in U.S. demand begins to take hold after 

2015 and continues through 2030.   

Since WORLD comprises an integrated global approach, the impacts of the projected reduction in U.S. 

demand on the global supply system were estimated by Brookhaven National Laboratory using the 

Energy Technology Perspectives (ETP) model.    In the ETP results, U.S. demand reduction cut world oil 

price which in turn led to small increases in oil demand in non-U.S. regions.  The effects of the U.S. Low 

Demand outlook on global demand, global supply and world oil price are summarized in Table 4-1.  

                                                           
50

 Considerable additional detail covering U.S. and global crude oil and non-crudes supplies, refining, transport, 
demand and product quality was also applied to develop the full WORLD modeling analysis.  
51

 EPA Analysis of the Transportation Sector, Greenhouse Gas and Oil Reduction Scenarios, February 10, 2010, last 
updated March 18, 2010, in response to September 2009 request from Senator Kerry.  
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Demand reductions in the U.S. were projected to lead to reductions in world oil price which in turn 

encouraged (small) petroleum product demand increases outside the USA.  The resulting Low Demand 

world oil price was projected by 2030 to be close to $4.50/bbl below that in the AEO outlook.  The net 

global oil demand reduction in 2030 was 3.7 mbd, comprised of small demand increases totaling 0.3 

mbd in regions outside the U.S. partially offsetting the U.S. product demand reduction of 4.0 mbd.  On 

the supply side, ETP results indicate the reduction of 3.7 mbd would be met primarily by cuts in OPEC 

crude production, notably from the Middle East.  ETP results also indicate that there would be small 

reductions in U.S., Canadian and other non-OPEC supplies, including those for WCSB conventional and 

oil sands crudes.  As indicated in Table 4-1, total Canadian oil production was projected to be cut by 0.2 

mbd by 2030. This reduction was taken as being entirely in oil sands output.    

 

Table 4-1 

2010 2020 2030 2010 2020 2030

World oil price $/bbl (1) 67.40$      98.14$      111.49$   67.40$      96.80$      107.00$   

Liquids demand

million bpd

USA (50 states) 19.2 20.6 21.5 19.2 19.4 17.5

Canada 2.3 2.4 2.5 2.3 2.4 2.6

other OECD (2) 24.8 25.7 25.8 24.8 25.7 25.9

China 8.5 12.4 15.8 8.5 12.4 15.8

other non-OECD 31.0 34.6 40.3 31.0 34.7 40.4

Global 85.9 95.6 105.9 85.9 94.5 102.2

85.9 95.6 105.9 85.9 94.5 102.1

Canada crude oil supply (3)

Conventional (4) 1.10 0.82 0.54 1.10 0.80 0.51

Oil Sands (5) 1.73 3.22 4.42 1.73 3.15 4.25

Total 2.83 4.04 4.96 2.83 3.95 4.76

Notes:

AEO Outlook (6) Low Demand Outlook (7)

Summary of AEO and Low Demand Projections

7. Basis EPA Analysis of the Transportation Sector, Greenhouse Gas and Oil Reduction Scenarios, February 10, 

2010, last updated March 18, 2010

4. Include both Western and Eastern Canada

1. World oil  price taken as price of US imported crude oil. Values are constant dollars $ 2008

2. Comprises: Mexico, Europe, Japan, South Korea, Australia, New Zealand

3. Projections to 2025 taken from CAPP 2010 Report Growth projection, 2030 estimates via extrapolation

5. Comprises blended / upgraded supply streams to market not raw production

6. Basis EIA Annual Energy Outlook 2010 Reference Case
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Figure 4-1 

Figure 4-2 
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4.3.2 Canadian Oil Production Outlook 

This study used the Canadian Association of Petroleum Producers (CAPP) 2010 Growth Outlook for 

Canadian crude oil production. The CAPP 2010 Growth outlook was used verbatim in all AEO demand 

outlook cases and with small adjustments, as described in Section 4.3.1, in the Low Demand cases.  The 

2010 AEO contained projections only for “North America non-conventional” supply which includes 

Canadian oil sands but also other streams.  The CAPP projection is both more recent, having been issued 

in June 2010, and provides an explicit production outlook by major Canadian crude type including oil 

sands.  It is also taken to comprise the Canadian oil industry’s own view of their production outlook.  

Further, the 2010 CAPP Growth projection is very similar to the explicit Canadian oil sands projection in 

the July 2010 EIA International Energy Outlook.   

As noted in Section 4.2.2, EnSys did not model oil sands production or upgrading; rather the analysis 

used as inputs the volumes and mix of oil sands streams delivered to market, i.e. downstream of 

upgraders and blending52.  Since substantial volumes of DilBit are included in the projection, EnSys 

accounted for the associated diluents requirements in each time period53.   This entailed netting off 

production of raw condensate in western Canada and in other regions which it was estimated would be 

sources of condensate supply used for DilBit blending.  Also, in the longer term, the analysis allowed for 

some measure of diluent recycling.    

Figure 4-3 summarizes the reference supply projection used. The CAPP projection extends to 2025. 

Supply levels for 2030 were developed via extrapolation of production trends. The outlook embodies 

gradual declines in conventional Canadian crude supplies in Atlantic Canada and in Western Canadian 

conventional light/medium and heavy grades.   These declines are more than offset by increases in 

supply of oil sands streams such that total Canadian supply rises from 2.8 mbd in 2010 to 4.0 mbd in 

2020 and 4.95 mbd in 2030.   Of this, oil sands streams sent to market rise from 1.7 mbd in 2010 to 4.4 

mbd in 2030, i.e. from 61% of total Canadian supply in 2010, (65% of WCSB), to 89%, (91% of WCSB), by 

2030.   

The “bitumen blends” category comprises both DilBits and SynBits as well as the Western Canadian 

Select (WCS) stream, which is a SynDilBit blend plus some conventional.  Of the total bitumen blends, 

SynBits are projected as comprising only a minority, around 7% in 2010 rising to somewhat over 10% by 

2030. WCS is projected to comprise 21-33% depending on the horizon and DilBit the balance54.   

                                                           
52

 The CAPP 2010 projections distinguish between (raw) WCSB production and streams to market.   
53

 DilBit blends typically contain around 75% bitumen and 25% diluent.  
54

 Projections made several years ago typically included much higher proportions of SynBit, driven by concerns 

over limited diluent availability once WCSB condensates streams had been fully used and therefore an expectation 

that synthetic crude oil would have to be blended with oil sands bitumen.  Current outlooks reflect a realization of 

growing diluent availability, notably through the Southern Lights pipeline project, imports from Asia via Kitimat, 

and eventually through an ability to recycle.  Consequently, DilBits are now projected to comprise the bulk of the 

future bitumen blends.       
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Figure 4-3 

 

4.4 Study Scenarios 

In this study, a  set of alternative pipeline expansion scenarios explore how different developments 

could impact U.S. refining and crude slate, Canadian oil exports and other parameters.  First, three basic 

pipeline expansion scenarios were defined and then, within those, selected variants were examined.  

The resulting seven specific scenarios are set out in Table 4-2. 

Each scenario variant assumed a specific combination of pipelines coming on stream over time, 

including whether Keystone XL was built or not.  The No Expansion scenario was the one scenario 

wherein no new pipeline capacity at all was allowed beyond lines already operating.  In addition, in all 

KXL and No KXL cases, the model was given flexibility to add pipeline capacity if justified, on two routes, 

namely WCSB to PADD2 and PADD2 to PADD3 U.S. Gulf Coast.  This flexibility was allowed for to 

recognize the various alternatives to KXL that are evident as potential projects, as described in Section 

3.2.3.355.   Again, the No Expansion scenario was the single cases in which the model was not given this 

                                                           
55

 The underlying premise was that other lines may be built if Keystone XL is not, i.e. that – if warranted by demand 
– industry would go ahead with alternative capacity.  In the specific case of WCSB to PADD2 expansion potential, 
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flexibility.   Under the No Exp + P2P3 scenario, expansion of U.S. domestic pipeline capacity from PADD2 

to PADD3 was allowed (and the scenario also assumed go-ahead of the Transmountain TMX 2 and 3 

expansions).   Table 4-3 summarizes for each scenario whether KXL was or was not assumed built, 

whether model expansion of lines from WCSB to PADD2 and/or from PADD2 to PADD3 was allowed, and 

which pipelines west from Alberta to the British Columbia coast (and thus with onward shipping to Asia 

and elsewhere) were assumed to be built.   Section 4.4.1 describes the scenarios in detail.  

 

Base Scenario  Variant 

KXL (is built) 

KXL 
Transmountain TMX 2 and 3 
expansions go ahead 

KXL+Gateway 
TMX 2 and 3 and Northern 
Gateway go ahead 

 
KXL No TMX 

No TMX 2 and 3 or Northern 
Gateway i.e. no expansion to 
west coast of Canada 

No KXL (not built) 

No KXL Transmountain TMX 2 and 3 
expansions go ahead 

 
No KXL HiAsia 

High level of expansion to Asia: 
TMX 2,3, Northern Gateway, 
Northern Leg 

No Expansion 

 
No Exp 

No expansion at all beyond 
current projects under 
construction 

 
No Exp + P2P3 

No expansion except TMX 2,3 and 
U.S. domestic PADD2 to U.S. Gulf 
Coast 

Table 4-2 

 

                                                                                                                                                                                           
the new Alberta Clipper line was built to be expandable by a further 350,000 bpd.  Also, there could be some 
potential within the existing Enbridge Mainline system.  As discussed in Section 3.2.3, various options could 
potentially be employed to bring crude oil from PADD2 to the Gulf Coast if Keystone XL does not go ahead.  These 
include the Enbridge Monarch proposal and/or reversal of the Seaway crude line.   It is assumed that internal 
domestic line projects or cross-border expansions of existing facilities would not be subject to the same level of 
permitting requirements or hurdles as is the case for Keystone XL, i.e. that such projects could go ahead under any 
“business as usual” scenario.       
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Table 4-3 

 

All scenarios included the following specific assumptions: 

 Capacities used for Alberta Clipper, Keystone Mainline and  XL, Transmountain TMX 2 and 3, 

Northern Gateway and Northern Leg were as set out in Table 3-356  

 No further expansions were made up to potential eventual capacity levels, including for KXL and 

Alberta Clipper.  (Opportunity for further expansion was handled by allowing model selection of 

additional WCSB to PADD2 and/or PADD2 to PADD3 capacity.) 

 The Enbridge Monarch project from Cushing to the Gulf Coast was not included in the modeling 

cases.  (It was announced too late to be included and its status is uncertain.)   

 The Keystone XL Bakken MarketLink and Cushing MarketLink options were not included in the 

modeling.  (They were identified after modeling had been completed.) 

 Similarly, some of the other Bakken takeaway projects were allowed for - but not all.  As 

discussed in Section 3.2.3.2, the Bakken situation is rapidly evolving.  Several new 

announcements have been made since the modeling analysis was undertaken.      

                                                           
56

 The one exception was that WORLD modeling cases used a capacity for KXL of 500,000 bpd in 2015 and 700,000 
bpd thereafter, whereas actual 2015 capacity would be 700,000 bpd.  500,000 bpd was used based on information 
at the time that total Keystone system capacity would be 1.09 (not 1.29) mbd.  Also TransCanada was offering 
500,000 bpd of capacity for commercial contracts to the Gulf Coast. (See Section 3.2.3.3.2.)  This was interpreted 
at the time as meaning total capacity to the Gulf Coast would be 500,000 bpd.   The authors do not believe the 
discrepancy between 500,000 and 700,000 bpd for 2015 KXL capacity had a significant impact on results.    
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4.4.1 KXL Scenario & Variants 

 

Under this scenario, the KXL pipeline is built.  In addition further expansions, to be selected by WORLD if 

warranted, are allowed from WCSB to PADD2 and from PADD2 to PADD3 (U.S. Gulf Coast).  

Three scenario variants were undertaken in order to assess the impact of different levels of pipeline 

expansion from WCSB west to the coast of British Columbia and thus by ship to the Asian market57.  

KXL  

 Assumes the Transmountain TMX 2 and 3 expansions are built and are operational by 2020.  

This assumption is consistent with the intent of various entities in Canada to expand and 

diversify export routes, and specifically, to access growth markets in Asia, i.e. it reflects a view 

that the combination of growing Asian refining capacity, increasing Asian equity interests in oil 

sands production and rising WCSB volumes currently being shipped to Asia would be likely to 

lead to some degree of pipeline expansion to the BC coast 

 Assumes that, among all of the proposed projects to the West Coast, TMX 2 and 3 would be the 

most likely to be built.  The Transmountain line constitutes an existing facility and right of way, 

rendering permits for capacity expansions for TMX 2 and 3 easier to obtain and potentially 

reducing challenges to completion.  The Transmountain line was already reported as operating 

above capacity and over-committed at the time of this report, indicating strong market demand 

even with excess pipeline capacity available across the border to the U.S.     

 Although this scenario explicitly assumes it is the TMX 2 and 3 expansions that are built, they 

also act as a more general “proxy” to represent a moderate level of expansion from WCSB. 

(Overall delivery costs to north Asia are not that different whichever pipeline route to the BC 

coast is assumed.)  

 The scenario also assumes that “business as usual” obtains in that other pipeline expansions are 

able to be realized when justified by economics and where data indicate that options to expand 

exist.   Reflecting these conditions, the options allowed within the WORLD model were to 

expand pipelines cross-border from WCSB to PADD2 and/or from PADD2 to PADD3 (U.S. Gulf 

Coast)   

  

KXL + Northern Gateway  

 Same assumptions as KXL case above except this variant also assumes that either the Enbridge 

Northern Gateway or the Kinder Morgan Northern Leg goes ahead by 2025.  Although the 

Northern Gateway project was specifically selected for this scenario, the primary purpose was to 

                                                           
57

 WCSB crudes can also be shipped by tanker from British Columbia to the U.S. west and Gulf coasts.  In the EnSys 
study, movements to the Washington state refineries were allowed but movements of oil sands streams to 
California were not; this reflecting the existence of California Law AB 32.  
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represent a higher level of export capacity west from WCSB beyond the expansion of TMX 2 and 

3 already in the KXL case. 

KXL – No TMX 

 Same assumptions as KXL case above except assumes that there is no TMX 2, 3 or other 

expansion in lines from WCSB west across the period through 2030.  The purpose of this 

scenario was to examine the effects of capacity to BC and Asia remaining at present day levels.       

  

In the presentation of results, the KXL scenario is used in the study as a “central” or “reference” case 

against which the results of all other scenarios are compared.   

 

4.4.2 No KXL Scenario & Variants 

 

Under this scenario, the KXL pipeline is not built. However, the assumption is that, as in the KXL case, 

the situation is otherwise “business as usual”; notably, further expansions are allowed from WCSB to 

PADD2 and from PADD2 to PADD3 (U.S. Gulf Coast).   Also, the TMX 2 and 3 projects are assumed to be 

on-line by 2020.  

Two No KXL scenario variants were analyzed, with focus on the effects of different levels of WCSB 

expansion to BC and thence Asian markets.   

No KXL 

 Scenario is the same as the KXL “reference” scenario except KXL is assumed not built.  TMX 2 

and 3 expansions go ahead but no other lines from WCSB west.   

No KXL High Asia  

 TMX 2 and 3, Northern Gateway and Northern Leg are all built with staggered timing that places 

them onstream respectively by 2020, 2025 and 2030.  This raises the capacity to move WCSB 

crudes to and out of British Columbia to 700,000 bpd by 2020 (from 300,000 bpd today), to 

1.225 mbd by 2025 and to 1.625 mbd by 2030.  Note that the firms proposing these projects 

have stated target dates for completion that would bring them on stream earlier than allowed 

for in the scenario.  A more conservative approach was taken on timing in the analysis to reflect 

the potential for opposition to the Northern Gateway and Northern Leg projects in particular to 

significantly extend timetables for implementation 
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 A primary purpose of this scenario was to examine whether commercial incentives would be 

sufficient to fill substantially larger capacity to move WCSB crudes west – and thus to markets 

outside the USA – if it were available.  

 

4.4.3 No Expansion Scenario & Variants 

 

This scenario examines a future in which a widespread movement prevents essentially any expansion 

beyond existing line capacity.  Two scenario variants were analyzed to explore the effects of different 

levels of constraint on pipeline expansion.   

No Expansion 

 No expansion is allowed beyond lines that are in operation as of 2010.  Thus Alberta Clipper, 

Keystone  Mainline  and Keystone Extension to Cushing are allowed but otherwise there are no 

further expansions: 

o No KXL 

o No PADD2 to PADD3 line expansions 

o No TMX 2,3 or other lines WCSB to BC. 

No Expansion + TMX 2,3 and PADD2 to PADD3 Allowed  

 As No Expansion case, except TMX 2 and 3 expansions are assumed to go ahead and domestic 

U.S. line expansions from PADD2 to PADD3 are allowed.   

 

4.4.4 Discussion of Scenarios 

 

The scenarios span a range that enables assessment of the need for KXL and other lines under different 

circumstances.  The KXL and No KXL scenarios enable assessment of the extent and timing for pipeline 

capacity needed to support full production of oil sands as projected by CAPP, notably from WCSB to 

PADD2 and from PADD2 to PADD3/Gulf Coast refineries.  In parallel, the scenarios shed light on the 

extent of market incentives for shipping WCSB heavy crudes to Gulf Coast refiners.  The KXL vs. No KXL 

comparisons also highlight the potential effects of differing levels of WCSB pipeline expansions west, 

and thus of the potential competition for WCSB crudes between the USA and Asia.   

The KXL and No KXL scenarios enable sufficient pipeline capacity to be built such that production of 

WCSB crudes including oil sands streams is always at reference outlook levels.  There is no shut-in of 

production relative to the 2010 CAPP production outlook used.  Conversely, the No Expansion scenarios 
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examines inter alia the extent to which a total or near-total elimination of pipeline expansion could lead 

to shutting in as well as re-distribution of WCSB production.    

All scenarios enable examination of the implications for U.S. dependency on crude oil imports from the 

Middle East and other sources outside Canada; also U.S. refinery throughputs and product imports and 

exports.  In addition, all seven pipeline scenarios were run against both the AEO Reference outlook and 

the Low Demand outlook for U.S. petroleum product consumption to assess the impact of U.S. demand 

level on U.S. refinery runs, crude oil import levels and sources, etc.  

Outputs from WORLD cases were also used (a) to report U.S. and non-U.S. refinery CO2 emissions and 

(b) as inputs to the Department of Energy ETP model which then generated estimates of global life-cycle 

GHG emissions, again enabling the effects of different scenarios to be compared.  

 

4.5 Economics of Moving WCSB Crudes to U.S. Gulf Coast versus 

Asia 

A key factor in the analysis is the comparative transport economics of moving WCSB crudes into the 

U.S., especially PADD3 Gulf Coast, versus to Asia.    Possibly not immediately apparent is that freight 

costs for WCSB crudes to northeast Asia (encompassing the markets of China, Japan, South Korea and 

Taiwan) are lower than those to the U.S. Gulf Coast.    Figure 4-4 compares freight rates used in the 

WORLD cases58.  The rates are for transporting a heavy WCSB oil sands stream such as DilBit or WCS.    

The pipeline plus tanker cost is via the Transmountain pipeline and then tanker to China59.    The 

difference in freight cost is estimated at around a $2.50 to $3 per barrel advantage to moving WCSB to 

Asia rather than to the Gulf Coast60.    

 

                                                           
58

 As further discussed in Appendix Section 2.3, EnSys escalated both pipeline and tanker (real) freight rates over 
time.  The escalation was driven by the fact that both modes use fuels whose real costs are projected in the EIA 
AEO to rise over time.  Tanker rates are impacted more by crude oil costs (marine bunker fuels) and pipeline costs 
more by natural gas, electricity and thus also coal prices.   With crude oil prices projected to rise more rapidly than 
those for natural gas, coal or electricity in the AEO, tanker rates were projected to rise in real terms faster than 
pipeline rates, around 2.2% p.a. and 1.3% p.a. respectively through 2030.  
59

  Costs for transport via the prospective Northern Gateway line to Kitimat and thence to China are projected to 
be similar.  Broadly, it is expected the Northern Gateway route would have a higher pipeline tariff but a lower 
tanker freight cost, the latter because of the ability to move VLCC’s out of Kitimat and the port’s slightly shorter 
nautical distance to China.   
60

 This difference is in line with recent press articles including a report that Enbridge believes “it can earn $2 to $3 
more on every barrel it sells” to Asia, moving crude via Northern Gateway if built.  Source: Oil Patch Sets Course for 
Asia”, Toronto Globe and Mail, July 24

th
, 2010.    
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Figure 4-4 
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5 Results & Key Findings 
 

The sections below focus on key results from first the WORLD modeling analysis of the U.S., Canadian 

and global downstream and second, the assessments of global life-cycle GHG emissions using the DOE 

ETP model.   Details of WORLD model set up for this study and detailed results are contained in 

Appendix Sections 2 and 3.   Corresponding detail on the ETP study is in Appendix Section 4.   

5.1 AEO Reference and Low Demand Global Results for 

Refinery Expansion 

The starting point for this study was the AEO 2010 Reference outlook.   This was used, together with 

CAPP projections for Canadian crude supply and a series of other data sources, plus the extensive detail 

already built into WORLD, to develop a base case outlook. This comprised a WORLD 2010 case and then 

forward cases at 5 year intervals through 2030. These “Reference” cases used the KXL scenario.    

Results from the AEO Reference outlook (KXL scenario) set out a projected global context for then 

focusing on specific pipeline scenarios.  Of key significance is the contrast between the industrialized 

and the developing regions of the world as was summarized in Section 4.3.1.  With the bulk of 

anticipated petroleum demand growth going to Asia, led by China, and with demand in the USA, Canada, 

Europe and Japan essentially flat, WORLD model results project some 75% of total global refinery 

capacity additions through 2030 being in Asia, 11.6 out of a total of 15.5 mbd of refinery distillation 

capacity over and above 2010 levels. (See Figure 5-1.)   

 

Figure 5-1 
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Figure 5-2 

 

In contrast, U.S. refinery capacity additions are projected to be minor (Figure 5-2). WORLD model output 

indicates essentially no capacity additions over and above current projects under construction until post 

2025.  A moderate expansion in the 2026-2030 timeframe is driven partly by exports, so whether it is 

actually realized would depend on several factors including the evolution of actual demand and refinery 

capacity in other world regions.  Any need for further U.S. refinery expansions would also depend on 

U.S. demand level.  Because these factors are highly uncertain, so is the expansion indicated for 2026-

2030.  Under the Low Demand scenario, U.S. refinery expansions beyond current projects are essentially 

nil.    

As indicated in Table 4-1, petroleum product demand in Canada is projected under the AEO outlook to 

grow only minimally by 2030.  The near absence of refinery capacity additions in WORLD model results 

reflects this.    

These WORLD results highlight a key point that substantial refining growth in Asia means that Asia also 

necessarily represents a (the) major growth market for crude oils.   
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5.2 Scenario Results 

 

5.2.1 Overview 

Clearly evident from the suite of WORLD model scenario cases was that the differences between the 

pipeline scenarios materially impacted certain aspects of the U.S., Canadian and global refining systems 

and crude and product markets but had little effect on other aspects.  This is to be expected considering 

what was and was not changed from scenario to scenario.   

As discussed in Section 4.3.1, the differences between the 2010 AEO demand outlook and the Low 

Demand outlook are significant in terms of U.S. product demand but small in terms of effects on non-

U.S. demand, world oil price, OPEC and non-OPEC supply, including that of Canadian oil sands streams.  

However, within each set of seven AEO and Low Demand scenario cases, the only input assumptions 

changed were those relating to US/Canadian pipeline projects and expansion options.  Not changed 

within each set were:   

 U.S. and global product demand and quality 

 Crudes and non-crudes supply – other than Canadian oil sands supply in the No Expansion cases 

 Refining base capacities, operating costs (e.g. prices for natural gas, electric power and other 

purchased utilities) and the costs of investing in new plant 

 Transport costs.  

There are three primary dimensions of comparison for the scenarios that were evaluated: 

1. How results change over time for a single pipeline scenario 

2. How results differ between different pipeline scenarios under the same demand outlook 

3. How results differ for a given pipeline scenario but under different demand outlooks.  

Section 5.2.2 presents observations on results for which little difference was detected in the second 

dimension above (i.e. a comparison between pipeline scenarios for a single demand outlook).  For 

example, the scenario results indicate that industry parameters such as U.S. refinery crude throughputs 

or product imports are essentially unaffected by changes in assumptions about pipeline availability.  

However, these same results and exhibits still yield valuable insights regarding both developments over 

time within a single scenario and the effects of different demand outlooks.   

Section 5.2.3 focuses on those aspects of the results where pipeline scenario (the second dimension 

above) led to significant differences.  The impacts of changes in pipeline availability assumptions are 

primarily evident in data for U.S. foreign crude sources and destinations for Canadian crude.  Those 

changes in scenario results primarily indicate how crude oil was rerouted in WORLD, but all within a 

global system with a global demand unaffected by changes to pipeline availability in North America.  
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5.2.2 Minor Scenario Impacts 

Overall, the WORLD and ETP analyses projected that – within each demand outlook -  all seven pipeline 

scenarios result in very similar U.S. refinery investments, expansions, throughputs, and thus total crude 

import levels, U.S. product import and export levels, U.S. import costs, U.S. and global refinery CO2 

emissions and global life-cycle GHG emissions.  Impacts of changing pipeline assumptions on overall U.S. 

crude slate quality, U.S. Gulf Coast (PADD3) crude slate and refining activity were also limited.  Figures 

below summarize the results obtained across all scenarios for both the AEO and Low Demand outlooks.   

 

5.2.2.1 U.S. Refinery Investments and Expansions  

Changes in pipeline availability for WCSB crude oil exports have minimal impact on either total U.S. 

refinery expansions or investments, as illustrated in Figures 5-3 through Figure 5-10.  Under all pipeline 

scenarios, the only significant U.S. refinery expansion that occurs, over and above current projects under 

construction (described as “assessed” projects in the charts), is approximately 0.3 mbd in the 2025 to 

2030 time frame, and then only under the AEO demand outlook.   In all pipeline scenarios except No 

Expansion, this refinery expansion occurs in PADD361.   Under the No Expansion pipeline scenario, the 

refinery expansion occurs instead in PADD2, at approximately the same level of around 0.3 mbd by 

2030, as that region maximizes its intake of WCSB crudes to take maximum advantage of available 

pipeline capacity.  Capacity expansion does not occur in PADD3.   Since the capacity expansion 

“switches” from PADD3 to PADD2, overall U.S. refinery expansions and investments are little altered.  

The switching of investment from PADD3 to in PADD2 is evident in Figure 5-7 and Figure 5-9.   Under the 

Low Demand outlook, no significant capacity expansion occurs in either PADD2 or PADD3 under any 

pipeline scenario.   U.S. total refinery investments are also substantially lower under the Low Demand 

outlook62.  

 

   

  

                                                           
61

 Product exports are a driver but whether the expansions would actually occur is uncertain, depending on factors 
including actual demand and refinery investment levels in different countries.   
62

 The main investments projected as occurring in the U.S. in the WORLD cases are for hydro-cracking, 
desulfurization and supporting units, as the industry deals with a continuing projected demand shift toward 
distillates and a continuing tightening in product sulfur standards worldwide, for both inland and marine fuels.    
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Figure 5-4 
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Figure 5-5 

 

Figure 5-6 
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Figure 5-7 

 

Figure 5-8 
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KXL No TMX $0 $1 $3 $10 $11 

No KXL $0 $1 $3 $10 $11 

No KXL Hi Asia $0 $1 $2 $10 $12 

No Exp $0 $1 $5 $12 $12 

NoExp+P2P3 $0 $1 $3 $9 $9 
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Figure 5-9 

 

Figure 5-10 

 

2010 2015 2020 2025 2030

KXL $0 $6 $25 $36 $43 

KXL+Gway $0 $6 $26 $36 $42 

KXL No TMX $0 $6 $25 $36 $42 

No KXL $0 $6 $25 $36 $43 

No KXL Hi Asia $0 $6 $26 $36 $42 

No Exp $0 $6 $25 $34 $39 

NoExp+P2P3 $0 $6 $25 $36 $42 
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5.2.2.2 U.S. Refinery Crude Throughputs 

Overall U.S. refinery crude throughputs projections are very similar for all seven pipeline scenarios for 

each demand outlook (Figure 5-11 and Figure 5-12).  Although U.S. refinery throughput appears 

insensitive to assumptions about available pipelines for WCSB export, the figures do illustrate the 

potential divergence in level of U.S. refining throughput depending on the outlook for U.S. demand.   

Under both the AEO and Low Demand outlooks, U.S. refinery throughputs recover post-recession 

through 2015.  Under the AEO outlook, they gradually rise post 2020 driven largely by growth in net 

product exports (although, as stated in Section 5.1, there is uncertainty as to whether that growth for 

exports would actually occur).  In contrast, under the Low Demand outlook, U.S. refinery throughputs 

peak around 2015 and then steadily decline.  By 2030, they are projected to be some 2.5 mbd (15%) 

lower than under the AEO outlook.  Given the associated U.S. demand reduction by 2030 is 4 mbd, the 

implication is that around 60% of the demand reduction would be absorbed by reductions in U.S. 

refinery runs and around 40% (1.5 mbd) by reductions in foreign refinery runs and U.S. product imports.  

(See Section 5.2.2.5.)      

 Figure 5-13 and Figure 5-14 show refinery crude throughput for PADD3 only, indicating limited 

sensitivity to variation in the combination of pipelines available to export WCSB crude oil.  Figure 5-15 

and Figure 5-16 show that changes to PADD3 throughput volumes are offset by comparable changes to 

throughput in PADD2.   Under scenarios with high WCSB volume to Asia, PADD2 refinery throughput 

tends to drop but PADD3 throughput increase.  Under the No Expansion scenario, PADD2 throughput 

rises as it absorbs maximum WCSB crude to utilize existing pipeline capacity – and PADD3 throughputs 

drop.  

Again, the difference in input assumption about U.S. demand has a much greater impact on U.S. refinery 

throughput than any variation in the combination of pipelines available to export WCSB crude oil.   
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Figure 5-11 

 

 

Figure 5-12 

 

2007 2009 2010 2015 2020 2025 2030

KXL 15.2 14.3 14.7 15.9 15.7 16.2 16.7 

KXL+Gway 15.2 14.3 14.7 15.9 15.7 16.2 16.7 

KXL No TMX 15.2 14.3 14.7 15.9 15.8 16.2 16.5 

No KXL 15.2 14.3 14.7 15.9 15.7 16.2 16.7 

No KXL Hi Asia 15.2 14.3 14.7 15.9 15.7 16.2 16.6 

No Exp 15.2 14.3 14.7 15.8 15.7 16.2 16.7 

NoExp+P2P3 15.2 14.3 14.7 15.9 15.7 16.2 16.6 
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KXL 15.2 14.3 14.7 15.8 15.2 15.0 14.1 

KXL+Gway 15.2 14.3 14.7 15.8 15.2 15.1 14.2 

KXL No TMX 15.2 14.3 14.7 15.8 15.1 14.9 14.1 

No KXL 15.2 14.3 14.7 15.7 15.1 15.0 14.1 

No KXL Hi Asia 15.2 14.3 14.7 15.7 15.1 15.0 14.1 

No Exp 15.2 14.3 14.7 15.7 15.1 14.8 14.0 

NoExp+P2P3 15.2 14.3 14.7 15.7 15.1 15.1 14.0 
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Figure 5-13 

 

 

Figure 5-14 

 

2010 2015 2020 2025 2030

KXL 7.1 7.9 8.1 8.2 8.5 

KXL+Gway 7.1 7.9 8.1 8.2 8.5 

KXL No TMX 7.1 8.0 8.2 8.2 8.3 

No KXL 7.1 7.9 8.1 8.2 8.5 

No KXL Hi Asia 7.1 7.9 8.1 8.2 8.4 

No Exp 7.1 7.8 8.0 8.1 8.2 

NoExp+P2P3 7.1 7.9 8.1 8.2 8.4 
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Figure 5-15 

 

 

Figure 5-16 
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5.2.2.3 U.S. Total Crude Imports 

Consistent with the relatively small impacts of pipeline assumptions on total U.S. refinery throughputs, 

changes in available pipelines to export WCSB crude oil have minimal impact on total U.S. crude imports 

and thus level of U.S. dependence on foreign oil for either demand outlook.   

U.S. total crude imports are essentially the same in the scenario in which Canadian exports to the U.S. 

are the highest and the lowest.  U.S. oil demand and domestic production were not changed between 

pipeline scenarios and, therefore, total crude imports remained unchanged.  However, reducing U.S. oil 

demand below the AEO 2010 level to the Low Demand level would lead to a major reduction in crude oil 

imports and associated dependence on foreign oil.  The scenario results indicate that crude oil imports 

would continue to grow slowly under the AEO outlook but decline appreciably after 2015 under the Low 

Demand outlook.  

 

 

 

Figure 5-17 

 

 

 

2010 2015 2020 2025 2030

KXL 9.37 10.08 9.62 10.00 10.34 

KXL+Gway 9.37 10.08 9.57 9.97 10.35 

KXL No TMX 9.37 10.09 9.64 10.06 10.21 

No KXL 9.37 10.06 9.62 10.00 10.36 

No KXL Hi Asia 9.37 10.06 9.62 9.99 10.29 

No Exp 9.37 9.99 9.56 9.97 10.32 

NoExp+P2P3 9.37 10.06 9.62 9.97 10.29 
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Figure 5-18 

 

5.2.2.4 U.S. Crude Slate Quality 

Figure 5-19 and Figure 5-20 indicate that U.S. crude slate quality63 would be modestly impacted by 

changes in the combination of pipelines assumed to be available for WCSB export.  The maximum 

difference in any time period across a whole range of scenarios is 0.5 degrees API.  Outside the No 

Expansion scenarios, U.S. crude slate is projected as lightest in those pipeline scenarios that assume 

major pipeline expansions to the BC coast and thence Asia and heaviest when there is limited or no 

expansion west.   Generally, these two extremes are represented by the No KXL High Asia and the KXL 

No TMX scenarios.  High volumes of (heavy) WCSB crudes flowing to Asia mean less to the USA which 

replaces them with somewhat lighter crudes.  When pipeline expansions west are limited, the opposite 

occurs; higher volumes of heavy WCSB crudes flow to U.S. refineries.  

The results for PADD3 indicate the same effect, namely that lower assumed pipeline availability west to 

Asia leads to more WCSB heavy crudes coming into PADD3, hence a heavier crude slate, and vice versa.  

                                                           
63

 The portfolio of crude oils refined in a single refinery or the U.S. as a whole is described as the crude slate, and 
its quality is commonly expressed in terms of API gravity and secondarily sulfur content. 

2010 2015 2020 2025 2030

KXL 9.37 9.98 9.10 8.92 7.92 

KXL+Gway 9.37 9.98 9.12 9.01 7.97 

KXL No TMX 9.37 9.96 9.07 8.85 7.94 

No KXL 9.37 9.88 9.08 8.91 7.92 

No KXL Hi Asia 9.37 9.88 9.08 8.92 7.95 

No Exp 9.37 9.86 9.07 8.72 7.82 

NoExp+P2P3 9.37 9.88 9.08 8.97 7.82 
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(Higher WCSB crude volumes to Asia have the opposite effect though for PADD2, leading to a lightening 

in the PADD2 crude slate and vice versa.)  

The PADD3 crude slate quality would be highest (lightest) in the No Expansion case, which delivers the 

least WCSB crude to PADD3 among all seven pipeline combinations.  With supply from WCSB effectively 

limited, PADD3 refineries turn to lighter crudes.  Conversely, No Expansion is the scenario that leads to 

the heaviest crude slate for PADD2 which absorbs maximum volumes of heavy WCSB crude to take 

advantage of available pipeline capacity. The effects in the two PADDs tend to offset each other. The 

result is little change in crude slate quality at the national level under the AEO demand outlook.  The 

lowest crude slate quality observed occurs in the No Expansion case with a Low Demand outlook.  This is 

also the case with the highest proportion of U.S. oil supply coming from the Canadian oil sands.   

Also evident in the results is that lower U.S. product demand leads to a heavier U.S. crude slate.   This is 

because – under any one pipeline scenario – U.S. demand reduction backs out non-Canadian crude oil 

imports which, overall, are lighter than the Canadian grades.  The heavier WCSB crudes still flow into the 

U.S. with volumes little affected under any given pipeline scenario by U.S. demand level.  Thus the 

proportion of these heavy WCSB streams in the total U.S. crude slate is higher and the slate becomes 

heavier.    

In line with limited changes in API, any particular pipeline scenario has little impact on either USA or 

PADD3 crude sulfur levels, with the exception of the No Expansion scenario. In this scenario, PADD3 

refineries have extremely limited access to WCSB crudes and take in imported crude oils that are 

somewhat lighter and lower sulfur.  (See Figure 5-21 and Figure 5-22 and Figure 5-25 and Figure 5-26.) 
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Figure 5-19 

 

 

Figure 5-20 

2010 2015 2020 2025 2030

KXL 30.97 31.67 31.19 30.65 30.87 

KXL+Gway 30.97 31.67 31.39 30.72 31.01 

KXL No TMX 30.97 31.64 31.13 30.65 30.80 

No KXL 30.97 31.61 31.14 30.66 30.86 

No KXL Hi Asia 30.97 31.61 31.37 30.75 31.08 

No Exp 30.97 31.65 31.00 30.65 30.92 

NoExp+P2P3 30.97 31.60 31.14 30.61 30.95 
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KXL 30.97 31.56 30.93 30.65 30.34 

KXL+Gway 30.97 31.56 31.13 30.72 30.52 

KXL No TMX 30.97 31.52 30.81 30.48 30.43 

No KXL 30.97 31.55 30.93 30.63 30.34 

No KXL Hi Asia 30.97 31.55 31.10 30.79 30.51 

No Exp 30.97 31.52 30.78 30.34 30.16 
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Figure 5-21 

 

Figure 5-22 

 

2010 2015 2020 2025 2030

KXL 1.40% 1.36% 1.37% 1.51% 1.50%

KXL+Gway 1.40% 1.36% 1.36% 1.52% 1.49%

KXL No TMX 1.40% 1.36% 1.36% 1.49% 1.46%

No KXL 1.40% 1.37% 1.38% 1.51% 1.50%

No KXL Hi Asia 1.40% 1.37% 1.35% 1.51% 1.48%

No Exp 1.40% 1.37% 1.38% 1.44% 1.42%

NoExp+P2P3 1.40% 1.37% 1.38% 1.53% 1.50%

1.00%

1.20%

1.40%

1.60%

1.80%

2.00%

W
t 

%
 S

u
lp

h
u

r

Crude Slate Sulphur
USA

2010 2015 2020 2025 2030

KXL 1.40% 1.36% 1.40% 1.49% 1.51%
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KXL No TMX 1.40% 1.37% 1.40% 1.48% 1.47%

No KXL 1.40% 1.38% 1.39% 1.49% 1.51%

No KXL Hi Asia 1.40% 1.38% 1.38% 1.49% 1.50%

No Exp 1.40% 1.38% 1.40% 1.50% 1.49%

NoExp+P2P3 1.40% 1.38% 1.39% 1.50% 1.55%
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Figure 5-23 

 

 

Figure 5-24 

2010 2015 2020 2025 2030

KXL 30.38 31.84 31.89 30.77 30.15 

KXL+Gway 30.38 31.84 32.08 30.71 30.52 

KXL No TMX 30.38 31.79 31.85 30.81 30.04 

No KXL 30.38 31.89 31.98 30.86 30.20 

No KXL Hi Asia 30.38 31.89 32.30 30.79 30.59 

No Exp 30.38 32.01 32.08 31.60 31.29 

NoExp+P2P3 30.38 31.89 31.98 30.74 30.36 
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KXL 30.38 31.64 31.75 31.12 29.54 

KXL+Gway 30.38 31.64 32.05 31.30 29.95 
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No KXL 30.38 31.75 31.81 31.10 29.54 
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Figure 5-25 

 

 

Figure 5-26 

2010 2015 2020 2025 2030

KXL 1.67% 1.47% 1.47% 1.72% 1.72%

KXL+Gway 1.67% 1.47% 1.45% 1.73% 1.69%

KXL No TMX 1.67% 1.47% 1.44% 1.67% 1.65%

No KXL 1.67% 1.48% 1.46% 1.72% 1.72%

No KXL Hi Asia 1.67% 1.48% 1.43% 1.72% 1.69%

No Exp 1.67% 1.47% 1.43% 1.55% 1.58%

NoExp+P2P3 1.67% 1.48% 1.46% 1.74% 1.72%
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No KXL Hi Asia 1.67% 1.50% 1.45% 1.59% 1.62%
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5.2.2.5 U.S. Product Imports and Exports 

U.S. product exports, gross and net product imports are insensitive to changes in the combination of 

pipelines available to export WCSB crude.    

Gross exports of refined products from the U.S. are essentially the same in the scenarios with both the 

most and least WCSB crude moving into the U.S.  Again, it is the evolution of U.S. product demand that 

has the major impact on gross product exports from the U.S.  Under both AEO and Low Demand 

outlooks, U.S. gross product exports are projected via WORLD to continue to grow64, consistent with 

recent trends.   However, gross product exports grow faster in the Low Demand cases compared to the 

cases under the AEO demand outlook, reaching a level in 2030 that is approximately 300,000 bpd higher 

than the AEO demand cases. This effect is small in the context of 2030 gross product exports projected 

to total of the order of 3 mbd but does indicate that declining U.S. demand for refined products could 

make more refinery capacity available to serve export markets.  (See Figure 5-27 and Figure 5-28.) 

 

 

Figure 5-27 

 

 

                                                           
64

 WORLD model product exports trade includes liquids and high grade petroleum coke but excludes fuel grade 
coke volumes.  
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Figure 5-28 

 

Similar to gross product exports, gross product imports to the U.S. are not sensitive to changes in the 

combination of pipelines available to export WCSB oil from Canada.  For all scenarios under the AEO 

outlook, gross product imports (Figure 5-29) continue to rise through 2020 and then flatten and decline 

very slightly.   Under Low Demand (Figure 5-30), gross product imports flatten from 2015 to 2020 and 

then sharply decline through 2030 as the effects of declining U.S. demand are felt.  
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Figure 5-29 

 

 

Figure 5-30 

2010 2015 2020 2025 2030

KXL 2.91 3.38 3.80 3.76 3.60 

KXL+Gway 2.91 3.38 3.76 3.72 3.58 

KXL No TMX 2.91 3.39 3.83 3.75 3.65 

No KXL 2.91 3.39 3.83 3.77 3.60 

No KXL Hi Asia 2.91 3.39 3.76 3.72 3.60 

No Exp 2.91 3.44 3.85 3.83 3.45 

NoExp+P2P3 2.91 3.39 3.83 3.79 3.71 
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Reference Outlook

Net product imports is the difference between gross product imports and gross product exports.  With 

neither of these factors being sensitive to changes in the combination of pipelines available to carry 

WCSB crude oil, it is to be expected that net product imports would also be insensitive.  As with the 

observations on the gross figures, U.S. net import level is sensitive to assumptions about U.S. domestic 

demand for oil.  Figure 5-31 and Figure 5-32 present net product imports, the difference between the 

respective graphs for gross product imports and gross product exports.  In all scenarios under the AEO 

outlook, the U.S. would remain a net product importer, whereas in all scenarios under the Low Demand 

outlook, the U.S. would become a net exporter in the 2020s. 

The insensitivity of U.S. product imports and exports to WCSB pipeline scenario, demonstrates that the 

competitive position of U.S. refineries with respect to international markets for refined products is 

neither improved nor diminished by changes to the combination of pipelines available for WCSB export. 

 

 

 

 

Figure 5-31 
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Figure 5-32 

5.2.2.6 U.S. Product Supply and Oil Import Costs 

Within each demand outlook, AEO or Low Demand, U.S. total oil import costs are projected to be only 

slightly affected by pipeline scenario.   Total crude oil import cost varies between the KXL No TMX and 

No KXL High Asia scenarios (which represent the maximum swing on WCSB volumes into the US) by at 

most 1.2%, (with No KXL High Asia having the higher cost), but then only post 2025 with lesser 

differences in earlier years.  (The sources of the crude imports and thus associated wealth transfers 

would, however, vary substantially with pipeline scenario as discussed in Section 5.2.3.7.)  When 

product imports cost are added in, to arrive at total U.S. oil import cost, the incremental cost associated 

with the High Asia scenario drops to at most 0.3% above the KXL No TMX scenario.   Under the No 

Expansion scenario, total U.S. oil import costs are projected at 1.5% lower in 2030 than under other 

scenarios.  The reduction is driven in part by increased discounts on WCSB crudes due to pipeline and 

thus production constraints but does not begin to be felt until 2020 and then increases, reaching the 

1.5% level by 2030.   

Similarly, within each demand outlook, U.S. total product supply costs65 are insensitive to pipeline 

scenario, varying by less than 0.1% in any scenario where normal pipeline expansion is allowed.  Under 

                                                           
65

 The term “supply costs” is commonly used to describe the costs of products that have been refined and 
delivered to major distribution centers.  These costs are computed in WORLD for products at each regional center 
such as New York Harbor, product supply center for PADD1, Los Angeles, product supply center for PADD5, etc.   

2010 2015 2020 2025 2030

KXL 1.62 1.39 0.77 (0.24) (0.95)

KXL+Gway 1.62 1.39 0.71 (0.37) (1.04)

KXL No TMX 1.62 1.42 0.83 (0.14) (0.96)

No KXL 1.62 1.48 0.78 (0.22) (0.95)

No KXL Hi Asia 1.62 1.48 0.74 (0.28) (1.03)

No Exp 1.62 1.50 0.79 (0.05) (0.94)

NoExp+P2P3 1.62 1.48 0.78 (0.30) (0.84)

(1.0)

(0.5)

-

0.5 

1.0 

1.5 

2.0 

m
ill

io
n

 b
p

d

US Product Net Imports

Low Demand Outlook 



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

74  

 

the No Expansion scenario, in 2030, reductions in crude prices stemming from shut in of WCSB heavy 

crudes lead to a reduction in U.S. product supply cost of 0.6% versus the 2030 KXL scenario.   

5.2.2.7 WCSB Delivered Crude Prices 

Pipeline scenario is projected to have small impacts on crude and product prices.   The KXL pipeline 

would have the effect of adding short term capacity to move WCSB crudes to the U.S. Gulf Coast – and 

thereby also reduce pressure to absorb WCSB crudes in PADD2.   Comparison of KXL versus No KXL 

WORLD model results reflects this.   Under the KXL scenario, delivered prices for WCSB SCO and DilBit 

into PADD3 Gulf Coast are lower than under the No KXL case and those for PADD2, higher.   The effect is 

limited, no more than around $0.70/bbl.  It is more marked in the 2015-2020 period than in later 

horizons (reflecting the modeling results that the U.S. system would tend to add capacity over time if 

KXL were not built that would lead to crude routings similar to those that would obtain were KXL built).   

Small reductions in PADD3 product supply costs, of less than $0.10/bbl are evident in the KXL cases.  

(PADD2 product supply costs would, however, be higher and estimated net change in U.S. total product 

supply cost is projected to be minimal between the two scenarios.)  Comparison of pairs of scenarios 

illustrates that level of WCSB capacity to the BC coast and thence Asia impacts delivered prices for WCSB 

crudes in the U.S.; broadly higher capacity to Asia moderately raises WCSB delivered prices and vice 

versa.   Under the KXL No TMX scenario, projected PADD2 prices for DilBit are up to $0.60/bbl lower 

than those under the KXL scenario (which contains higher capacity to the BC coast in the form of the 

TMX 2 and 3 expansions).   Under the KXL plus Gateway scenario, PADD2 DilBit prices are projected at 

up to $0.86/bbl above those under KXL.  Under No KXL High Asia, PADD2 DilBit prices are up to $1/bbl 

higher than those under No KXL.   Results for PADD3 delivered DilBit prices show directionally the same 

impacts but smaller.   

5.2.2.8 U.S. Refining Margins 

To examine how profit margins for refineries may be sensitive to assumptions about which combination 

of pipelines are available to carry WCSB crude,  

Figure 5-33 and   

                                                                                                                                                                                           
Supply costs thus correspond to product spot prices at major centers within each region.  Total U.S. product supply 
cost in WORLD is arrived at by multiplying supply cost in $/bbl for each product by demand for that product for 
each of the five PADDs and then summing to arrive at the U.S. total.     
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Figure 5-34 compare respectively 3-2-1 and 2-1-1 crack spreads66 for U.S. Gulf Coast refineries for KXL, 

No KXL High Asia and No Expansion scenarios under both AEO and Low Demand outlooks.    The 

differences between the projections for the KXL and the No KXL High Asia cases are small, i.e. refining 

crack spreads are projected to be only minimally affected by the extent to which WCSB crudes move to 

the USA versus to Asia.  As previously explained, this is not surprising since, under the “business as 

usual” pipeline scenarios, industry is allowed to adapt and total supply and product demand are not 

altered.  Therefore, the main effect is partial reallocation of WCSB crude between Asia and the USA, 

with attendant re-balancing in movement of Middle East and other crudes.   The volume of WCSB crude 

being reallocated depending in the pipeline scenario would be at most 7% of the total U.S. crude run67.     

The No Expansion scenario, however, does adversely affect margins (by around 10 c/bbl) post 2020, 

notably under the AEO demand outlook.  This stems from U.S. regions, particularly PADDs 2 and 3, 

having to accept non-optimal crude slates under the No Expansion scenario.    

The projections do show that demand outlook is likely to have a primary impact on refining margins.   

Versus AEO, the Low Demand outlook cuts 3-2-1 (i.e. gasoline oriented) crack spreads by around 

$0.50/bbl by 2020, $1/bbl by 2025 and close to $1.75 by 2030 as competition intensifies for the 

remaining demand.  The projected impact on evenly gasoline/distillate balanced 2-1-1 crack spreads is 

somewhat less: around $0.30/bbl by 2020, $0.60/bbl by 2025 and $1.20/bbl by 2030.  This is because 

gasoline demand is more heavily cut back than distillate demand (diesel, jet fuel) in the Low Demand 

outlook.    Even in the AEO outlook, gasoline oriented margins are projected to be appreciably lower 

than those (for refineries) oriented more toward distillate68.  

                                                           
66

 “Crack spreads” are a commonly used set of fairly simple measures of refinery profitability.  The 3-2-1 crack 
spread cited here refers to the difference or margin between the USGC value of 2 barrels of gasoline plus 1 of 
diesel minus the cost of 3 barrels of WTI crude.   It is an approximate measure of the margin that could be 
expected in a cracking refinery which is heavily oriented to producing gasoline (as are most U.S. refineries).   The 2-
1-1 crack spread provides a comparison by presenting the margin for 1 barrel of gasoline plus 1 of diesel minus 2 of 
WTI, i.e. of a refinery oriented to more even yields of gasoline and distillate.  
67

 Under the KXL No TMX and the No KXL High Asia cases, the difference in WCSB imports in 2030 is 1.0 mbd on a 
total U.S. crude run of 14 mbd.   
68

 This reflects the relative U.S. and global gasoline/naptha surplus projected for the future in parallel with 
distillates representing the primary growth products.         
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Figure 5-33 
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Figure 5-34 
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5.2.2.9 Crude Production Value 

The value of US crude production is projected as little impacted across any scenario69.  Similarly, the 

total value of WCSB production is projected to vary little based on whether WCSB production goes more 

to the USA or to Asia. However, the No Expansion scenarios lead to lower WCSB production and pricing 

discounts – and hence to an appreciable reduction in the value of WCSB crudes to Canadian producers.   

Around 2020, No Expansion would result in lower production volume and lower value of WCSB oil sands 

crudes. The lack of export pipeline expansion would start to shut in WCSB supply.  A glut of heavy crude 

would develop in PADD2 as the only region with the pipeline capacity to accept WCSB crudes.  In 

addition, PADD2 refiners would have to invest in additional equipment to process the WCSB heavy 

grades and this would be reflected back in the form of reduced WCSB heavy crude values.   In this 

scenario, WCSB producer revenue would be 19% less in 2030 in the No Expansion scenario, compared to 

any of the KXL or No KXL scenarios, under the AEO demand outlook (Figure 5-35).  (As stated above, the 

value of WCSB production is minimally impacted by pipeline scenario, i.e. KXL or No KXL and variants, 

other than in the No Expansion cases70.)  Under the Low Demand outlook (Figure 5-36), the difference 

between producer revenue in the No Expansion scenario compared to the KXL scenario would be 24%.    

 

  

                                                           
69

 The FOB value of total US crude oil production is projected to vary by less than 0.1% between pipeline scenarios 
that allow pipeline expansion.  Under the No Expansion scenario, the 2030 value of US crude production is 
projected to be around 0.75% below that in the KXL scenario.  US crude production was not altered under No 
Expansion but the value of US crude drops slightly due to competition with WCSB crudes whose prices are 
discounted because of production capacity being shut in.  
70

 For that reason, only the KXL and the two No Expansion scenarios are shown in Figure 5-35 and Figure 5-36. 
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Reference Outlook

 

Figure 5-35 

 

Figure 5-36 

Low Demand Outlook 
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5.2.2.10 Global GHG Emissions 

5.2.2.10.1 Refinery CO2 Emissions 

WORLD model results indicate changes in assumptions about pipeline availability have only minor 

impacts on U.S. and global refinery CO2 emissions.  (See Figure 5-37 and Figure 5-38.) The reason for this 

is that global and national demand for oil is not sensitive to the availability of pipelines to export crude 

oil from WCSB.  Also, in the analysis, WCSB production volumes were not affected by changes in 

assumptions about pipelines for all scenarios except the No Expansion case.  In all scenarios except No 

Expansion, the same products were required to be produced from the same crude oil and non-crudes 

feedstocks, i.e. on a global scale essentially the same extent of refinery processing needed to be 

undertaken.  Under the No Expansion scenarios, WCSB oil sands production was impacted in the later 

horizons but global demand was not reduced and any “lost” WCSB oil sands (DilBit) were replaced by 

OPEC Middle East crude.  The limited volumes of DilBit “lost” in the No Expansion cases and the limited 

crude quality differences (API, sulfur, yield) between “lost” WCSB DilBit and replacement Middle East 

sour grades were such as to lead to only a small impact on global refinery CO2 emissions71.   

  

                                                           
71

 In the WORLD model cases, Middle East sour crudes were taken to be the balancing grades for world crude oil 
supplies. (The widely accepted paradigm, as evidenced in reports and projections from the EIA, International 
Energy Agency, OPEC Secretariat and others, is that OPEC crude oils in general and – within those - Middle East 
OPEC crudes in particular comprise the crude oil supplies that balance up world oil supply so that it matches world 
oil demand. In the WORLD model, this role is reflected in that Middle East sour crude (generally Saudi Light) is 
taken to be the marginal or marker crude grade.)   Thus, in the No Expansion cases, any loss in WCSB supply was 
replaced by Middle East sour grades.  It is the authors’ view that production levels of Venezuelan, Mexican or other 
heavy crude grades would not alter based on whether or not WCSB oil sands production was constrained by 
pipeline limits.  Mexican and Venezuelan production levels are being determined by other factors, including 
declining reserves.        
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Reference Outlook

Figure 5-37 

 

Figure 5-38 

 

KXL 
KXL+Gway 

KXL No 
TMX 

No KXL 
No KXL Hi 

Asia 
No Exp NoExp+P2

P3 

Global 1,334.7 1,336.0 1,334.6 1,335.1 1,336.2 1,327.7 1,334.0 

800.0 

900.0 

1,000.0 

1,100.0 

1,200.0 

1,300.0 

1,400.0 

m
ill

io
n

 t
p

a

Global Refinery CO2 Emissions - 2030

Low Demand Outlook 

KXL 
KXL+Gway 

KXL No 
TMX 

No KXL 
No KXL Hi 

Asia 
No Exp NoExp+P2

P3 

Global 1,264.3 1,266.7 1,263.6 1,264.3 1,267.1 1,261.7 1,264.0 

800.0 

900.0 

1,000.0 

1,100.0 

1,200.0 

1,300.0 

1,400.0 

m
ill

io
n

 t
p

a

Global Refinery CO2 Emissions - 2030



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

82  

 

5.2.2.10.2 Life-cycle GHG Emissions 

Evaluation of global life-cycle GHG emissions using the DOE ETP model leads to similar results.   

As with refinery CO2 emissions, the absolute level of global life-cycle GHG emissions is impacted by the 

demand outlook, but it is not very sensitive to changes in assumptions about available pipelines.  The 

difference in 2030 global oil demand between AEO and Low Demand was 3.7 mbd out of 105.9 mbd, a 

reduction of 3.5%.  

Annual global transportation GHG emissions would be approximately 11,000 million tons of CO2e in 

2030 under the AEO outlook and a little over 10,400 million tons of CO2e under Low Demand, a 

reduction of just over 600 million tons of CO2e.  In contrast, the difference in emissions between 

pipeline scenarios in 2030 would be at most 26 +/- million tons of CO2e, i.e. around 0.25% of GHG 

emissions from the global transportation sector72.   (See Figure 5-39 through Figure 5-42.  Additional 

detailed results are contained in the Appendix Section 4.) 

 

    

  

                                                           
72

 In the No Expansion scenario, 2030 global refinery CO2 emissions were 7 million tons of CO2e lower than under 
the KXL scenario, based on WORLD results; i.e. accounted for approximately 27% of the total life-cycle reduction of 
26 million tons of CO2e generated by the ETP model.  Under all pipeline scenarios other than No Expansion, the 
variations in 2030 global refinery CO2 emissions versus the KXL scenario were at most 1.6 million tons of CO2e, or a 
little over 0.1% of the global level of refinery CO2 emissions of around 1,335 million tons of CO2e.   
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Figure 5-39 
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Reference Outlook

 

 

Figure 5-41 
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5.2.3 Major Scenario Impacts       

In 2009, the USA imported 1.9 mbd of total Canadian crude oil supply. Of this, approximately 0.13 mbd 

was from eastern Canada and the rest, 1.77 mbd, from the Western Canadian Sedimentary Basin 

(WCSB).  Of the WCSB imports, around 0.95 mbd, i.e. over half, was oil sands streams.   

Figure 5-43 uses an annotated map to provide 2009 actual data for total Western Canadian crude oil 

flows including both conventional and oil sands streams.  Figure 5-44 provides projections for Canadian 

oil sands flows for 2010 based on the WORLD 2010 case.   Figure 5-45 through Figure 5-48 summarize 

key crude movements under the KXL and No KXL scenarios, by depicting WORLD model results showing 

projected WCSB oil sands streams flows for 2030. Additional figures, covering all the pipeline scenarios 

and both AEO and Low Demand outlooks are contained in Appendix Section 3.   Circles and arrows on 

the figures highlight changes versus the AEO outlook 2030 KXL case (which includes the TMX 2 and 3 

expansion projects).  

Recalling the three dimensions of scenario comparison presented in Section 5.2.1, (time, pipeline 

scenario, demand outlook), Figure 5-43 and Figure 5-45 illustrate the first dimension – how crude oil 

flows for a single scenario change over time - here from 2009 to 203073.  The figures highlight relatively 

small changes for flows of WCSB oil sands streams into PADDs 1, 4 and 5 but significant potential for 

increases to PADD2, PADD3 and also to Asia via pipelines to the coast of British Columbia.   

The pairs of figures, Figure 5-45/Figure 5-47 and Figure 5-46/Figure 5-48, use an annotated map to 

illustrate the second dimension of comparison – how crude flows in a single time period under the same 

demand outlook can differ as a result of differences in assumptions about pipeline availability.  In each 

map: 

 Canadian WCSB oil sands exports = WCSB oil sands Supply – Canadian oil sands Consumption 

 Canadian WCSB oil sands exports = U.S. imports of WCSB oil sands crudes + Canadian WCSB oil 

sands exports from the West Coast 

 U.S. imports of WCSB oil sands crude = PADD1 + PADD2 + PADD3 + PADD4 + PADD5 

consumption 

 Total U.S. oil imports = U.S. imports of WCSB oil sands crude + Total non-oil sands crude and 

product Imports. 

Figure 5-45 and Figure 5-47 present the core “KXL” vs “No KXL” pipeline scenarios for the AEO 2010 

demand outlook.  Observations on the data for this pair (as well as the same pair under the Low 

Demand outlook) lead to the finding that results between the two are similar – that building or not 

building KXL per se has little impact on total U.S. imports of WCSB crudes over time, this because 

                                                           
73

 Because these changes are best observed in line graphs of time series data, many factors are presented in this 
report in that format.  However, graphs like those featured in the previous section do not illustrate well the 
insights available when observing data about geographic crude oil flows.   
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sufficient alternative pipeline capacity is projected to be deliverable over time to lead to similar WCSB 

pipeline flows.   

Figure 5-45 and Figure 5-46 (as well as Figure 5-47 and Figure 5-48) illustrate the third dimension of 

comparison – how crude oil flows for a single set of pipeline availability assumptions are affected by 

different assumptions about future oil demand (AEO 2010 vs Low Demand).  Here, the results indicate 

that Low versus AEO demand would have little impact on WCSB import levels into the U.S. (other factors 

being equal) but would substantially cut U.S. Middle East and total oil imports.  Appendix Section 3 

provides a full set of these 2030 results covering all scenarios.  

The following subsections discuss differences along all three dimensions, (time, pipeline scenario, 

demand outlook), with focus on those parameters where major impacts are evident.  The purpose of 

each subsection is to highlight results relevant to the key study questions presented in Section 2.2. 
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Figure 5-43 

 

Figure 5-44 
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Figure 5-45 

 

 

Figure 5-46 
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5.2.3.1 Canadian Imports Growth 

All pipeline scenario results indicate a clear potential for a sustained increase in U.S. imports of Canadian 

crudes.  (See Figures 5-49 and 5-5074 75.)  This observation holds under both the AEO 2010 demand 

outlook and the Low Demand outlook.  For all scenarios, the proportion of WCSB oil sands streams in 

U.S. WCSB crude oil imports is projected to steadily increase, from somewhat over 50% in 2009 to 

around 90% by 2030.    

Under the KXL case, (which also allows for 400,000 bpd of expansion in the Transmountain line to 

Vancouver and Asia), total Canadian crude oil imports to the USA are projected to grow from 1.9 mbd in 

2009 to 2.7 mbd by 2020 and 3.6 mbd by 203076.  The results for the No KXL case are almost identical77. 

Sections below further discuss the impacts of KXL versus No KXL, of assumed WCSB capacity to Asia, of 

No Expansion of pipelines and of Low Demand on U.S. crude oil imports and WCSB crude oil export 

destinations and production level.  

  

                                                           
74

 The pipeline scenario reference “No Exp +P2P3” in fact denotes No Expansion except for allowed expansion of 
pipelines from PADD2 to PADD3 plus Transmountain TMX 2 and 3 expansions assumed in operation by 2020.   
75

 These figures show projected volumes of imported WCSB crudes processed in U.S. refineries.  In addition, WCSB 
crudes destined for the Sarnia area will also cross into the U.S. before later exiting to eastern Canada.  Total cross-
border movements into the USA will therefore be higher than the volumes refined in the U.S.  Volumes of WCSB 
crude processed in Sarnia area refineries are projected at approximately 200,000 bpd.  This figure should be added 
to arrive at total cross-border WCSB crude flows into the U.S.  
76

 Total Canadian crude oil imports include a little over 0.1 mbd of eastern Canadian. The rest is all from WCSB.  
77

 The plot line for the KXL case cannot be readily seen in Figures 5-48 and 5-49 because it is directly beneath the 
No KXL plot line.   
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Figure 5-49 
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5.2.3.2 Effect of Low U.S. Demand 

Significant reduction in U.S. demand for refined products, explored  by shifting the assumed demand 

outlook from  AEO 2010 to Low Demand (see Section 4.3.1),would have little impact on U.S. imports of 

Canadian crudes. The Low Demand outlook contained 2030 WCSB production 0.2 mbd below that under 

the AEO outlook.  This generally led in the WORLD analyses to approximately 0.07 mbd less WCSB crude 

being processed within Canada and 0.13 mbd less in the USA than under the AEO 2010 demand outlook 
78.  This result can be attributed to the limited options for Canadian exports.  The WCSB export system is 

largely land-locked, and western and eastern Canada have little potential to absorb additional volumes.  

Therefore, WCSB streams must move to the U.S. unless additional pipeline capacity is made available to 

the BC coast and thus Asian markets.   

Because U.S. demand for refined products would be essentially insensitive to U.S. domestic production 

and Canadian imports of crude oil, the primary effect of lower U.S. demand would be a direct reduction 

in U.S. dependency on imports from countries other than Canada. The Low Demand outlook assumes a 

4.0 mbd reduction in U.S. demand by 2030, relative to the AEO outlook, which translates into essentially 

the same reduction in U.S. petroleum imports79.  Figure 5-51 shows the make-up of total crude oil 

imports into the USA for 2030 under AEO and Low Demand outlooks for KXL and No KXL pipeline 

scenarios.   

First these model results demonstrate the insensitivity of U.S. crude oil imports to whether or not KXL is 

built.  There are only minimal differences between the KXL and No KXL cases for each demand outlook.   

Second, the results project total U.S. crude oil imports drop from close to 10.4 mbd under the AEO 

outlook to 7.9 mbd under Low Demand, a reduction of 2.5 mbd.   The remaining 1.5 mbd of the 4.0 mbd 

demand reduction under the Low Demand outlook comes from declines in net product imports.  Third, 

of the total reduction in crude oil imports of 2.5 mbd, approximately 1.5 mbd would come out of 

imports from the Middle East and 0.75 mbd from other regions.      

                                                           
78

 In the No Expansion scenario, lower U.S. demand (compared to the No Expansion scenario under AEO 2010) 
would reduce WCSB oil sands movements into the U.S. by over 0.3 mbd in 2030 with an attendant reduction in 
WCSB production.  However, in all other scenarios, ranging from KXL to No Expansion + PADD2 to 3 + TMX, the 
impact of Low Demand is to cut WCSB oil sands movements into the U.S. by generally around 0.13 mbd by 2030, 
by less at earlier horizons.    
79

 U.S. domestic supplies of crude oils and biofuels are approximately the same under Low Demand versus AEO.   
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Figure 5-51 

5.2.3.3 Effect of No Pipeline Expansion on Canadian Production and U.S. 

Processing 

Under every scenario where pipeline expansion is not restricted, WCSB crude supply is projected to be 

maintained at the levels projected in 2010 by the Canadian Association of Petroleum Producers.  Figure 

5-52 and Figure 5-53 indicate that current pipeline capacity would be sufficient to deliver projected 

WCSB production to market at least until 2020 even with no expansion.   

WCSB crude production would only be curtailed in the No Expansion scenario, and only after 2020.  The 

No Expansion scenario would not allow any pipeline expansion at all over and above current installed 

capacity (i.e. Keystone Mainline and Cushing Extension included, KXL excluded).   

A No Expansion scenario would have significant impacts on the disposition of WCSB crudes.  Outlets to 

Asia and to PADD3 would be limited to their current levels of around 100,000 bpd each.  Existing 

pipeline capacities would be utilized to the maximum.  This would mean, especially, maximizing WCSB 

volumes processed in PADD2 and eastern Canada to fully utilize available pipeline capacity from WCSB 

to PADD2 and also onward from PADD2 to the Sarnia area.  WCSB crudes would be sold at discounts 

that would not apply in normal market conditions.   Figure 5-54 illustrates the sharp differences in WCSB 

crude dispositions between the KXL and No Expansion cases under both AEO and Low Demand outlooks.  
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Figure 5-52 

 

 

Figure 5-53 
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Figure 5-54 

 

All scenarios in this study implicitly assume no expansion of WCSB crude oil movements by non-pipeline 

transport modes within Canada and the USA.   Although not evaluated within this study, rail could offer 

producers a competitive alternative if pipeline capacity were to be so constrained that the discounted 

price for WCSB in PADD2 would accommodate the more expensive rail tariffs80.    

As discussed in Section 4.4.3, the No Expansion scenario explores extreme market conditions based on 

input assumptions that would have a relatively low probability of occurring.  The potential for producers 

to avoid curtailment by using other proven transport modes, that would become more cost-effective for 

delivery of WCSB crude under a scenario where there was no pipeline expansion, renders the No 

Expansion scenario still less probable.   

5.2.3.4 Effect of No KXL on U.S. Imports of WCSB Crude 

The volume of WCSB crude imported by the U.S. would be unaffected by the availability of the KXL 

pipeline.   In Figures 5-49 and 5-50, the line plots of Canadian imports of crude oil to the U.S. are almost 

identical for the KXL and No KXL cases.  The results illustrated in Figure 5-45 and Figure 5-47 (as well as 

                                                           
80

 Rail movements of crude oils (and also products and streams such as ethanol) are commonplace where there is 
no available pipeline route.  As outlined in Section 3.2.3, CN Rail / Altex is promoting its PipelineOnRail system for 
moving WCSB crudes and is already transporting diluent from Kitimat to Edmonton.   In addition, rail linked in to 
barge (or tanker) could also play a role in the transport market.  Small volumes of WCSB crudes are currently 
arriving in the Gulf Coast in part via barge.    
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Figure 5-46 and Figure 5-48) also show the similar 2030 results for these scenarios81.  A key underlying 

reason is the premise that – if KXL were not built – other pipeline projects would likely go ahead.  As 

discussed in Section 3.2.3, several potential projects are already visible for WCSB to PADD2 cross-border 

and PADD2 to PADD3 capacity. 

5.2.3.5 Effect of British Columbia Expansion Projects on U.S. Imports of 

WCSB Crude 

WCSB volumes into the USA could be materially impacted depending on the extent to which pipeline 

capacity is added to move WCSB crudes to ports in British Columbia, with resulting access via tanker to 

Asia and beyond.  

Given the finding that building versus not building KXL would not of itself have significant impact on 

WCSB imports to the U.S., it is possible to use a combination of four scenarios to examine the effect of 

progressively greater levels of capacity for WCSB crudes to be taken west.   Three KXL variants present 

BC capacity expansions ranging from none (KXL+No TMX 2,3 or other projects) to TMX 2,3 (KXL case 

includes TMX 2,3) to TMX 2,3 plus Northern Gateway (KXL+Gateway).  The No KXL High Asia scenario, 

adds a fourth, and highest, level of capacity examined.  In No KXL High Asia, TMX 2,3 (400,000 bpd total) 

is assumed on stream by 2020, Northern Gateway (525,000 bpd) by 2025 and Transmountain Northern 

Leg (400,000 bpd) by 2030, an incremental total capacity of 1.325 mbd.    

Results from these four scenarios for 2030 are summarized in Figure 5-55. These are for the AEO 

outlook.  Results under the Low Demand outlook are similar. WORLD results indicate that, if and as 

pipeline projects to the BC coast were to be implemented, they would likely to be filled, with major 

implications for WCSB volumes flowing into the USA.      

                                                           
81 This finding is also consistent with the comparison of the KXL+Gateway scenario with the No KXL High Asia 

scenario.  Although KXL would be available in one scenario and not in the other, the small differences in the crude 

oil flows observed could be better explained by the addition of the Northern Leg to the No KXL High Asia case, 

which would not available in KXL+Gateway. 
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Figure 5-55 

The KXL No TMX (2,3) scenario assumes no further expansion west is developed during the period to 

2030.   In the short term, this scenario represents what is closest to the current situation.  Plans for TMX 

2 and 3, Northern Leg and Northern Gateway have all been put forward but, as discussed in Section 

3.2.3.1, none has reached a definitive stage yet, or is as advanced as KXL.    

As capacity west is progressively raised, model results indicate that capacity would be fully utilized.   

Moderate increases occur to PADD5 Washington state refineries82.  Beyond these, all volumes pipelined 

west go to Asia.  Thus, under the No KXL High Asia scenario, the 1.325 mbd of available 2030 pipeline 

capacity is used to ship approximately 0.2 mbd to Washington refineries and 1.1 mbd to Asia.  Again, as 

discussed in Section 3.2.3.1, a recent study has estimated that refineries in four north Asian countries, 

(China, Japan, South Korea, Taiwan), could today process up to 1.75 mbd of Western Canadian (mainly 

heavy) crudes83.  An implication is that an earlier development of pipelines west than was considered 

here could lead to higher volumes moving to Asia, and sooner, than projected under the scenarios 

examined.    

A lack of expansion west leads to maximum volumes of WCSB crudes coming into the U.S. over time and 

particularly into PADD3 – and vice versa.   In other words, WORLD results and third party work illustrate 

both the potential interplay, or competition, between the USA and Asia for WCSB crudes and indicate 

this interplay would occur primarily between refineries in (north) Asia and PADD3.     

                                                           
82

 In this study, it was assumed that California Law AB32 would make it unattractive to run WCSB oil sands crudes 
in that state. If AB32 were not in place, refineries in California would represent a logical market for WCSB crudes, 
replacing declining volumes of Alaskan ANS and displacing what have been growing volumes of Middle Eastern 
crude oil imports.    
83

 Market Prospects and Benefits Analysis for the Northern Gateway Project, Muse Stancil, January 2010.  
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5.2.3.6 Effect of Pipeline Availability on U.S. Non-Canadian Crude Oil 

Imports 

Strongly evident from WORLD results is the interplay and inverse relationship between WCSB and non-

Canadian foreign crude imports into the USA independent of KXL availability.   As illustrated in Figures 5-

56 and 5-57, WCSB oil sands imports into the USA are projected to be significantly affected by pipeline 

scenario, varying by up to 0.6 mbd by 2020 and over 1 mbd by 2030. Within this, the variability is 

projected to be primarily in the DilBit blends, more so than fully upgraded synthetic crude oil.  Again, 

these volumes and variability are little impacted by U.S. product demand level.    

Conversely, imports from non-Canadian sources into the USA, depend on both the pipeline scenario and 

the U.S. demand level - with two specific exceptions.  Since Western Canada, Mexico and Venezuela are 

all major producers of heavy crudes and are all three major exporters of same into the USA, one could, a 

priori, expect that lower WCSB imports into the U.S. would lead to higher imports from Mexico and/or 

Venezuela and vice versa.  This is not, however, projected to be the case.  Crude oil imports into the USA 

from Mexico and Venezuela have been the subject of a steady decline in recent years.  According to EIA 

statistics84, crude oil imports from Venezuela have dropped from 1.3 mbd in 2004 to 0.95 mbd in 2009 

and those from Mexico from 1.6 mbd in 2004 to 1.09 mbd in 2009, in total a decline from 2.9 mbd in 

2004 to 2.14 mbd in 2009.             

Mexico is suffering from rapid production declines, especially of its key heavy Mayan crude, much of 

which is purchased by refineries on the Gulf Coast.  A continuing decline in Mexican production, led by 

Mayan, is widely expected by industry analysts85.   Further, PEMEX has a project under way to upgrade 

one of its refineries (Minatitlan) so that it can process Mayan crude, thereby taking yet more Mayan 

volumes off export markets.  The net effect is that imports to the USA of Mayan crude are projected in 

the WORLD cases to drop sharply by 2020.        

In Venezuela, production of conventional crudes has been flat to declining.   Production and upgrading 

of the massive extra heavy Orinoco oil reserves has been relatively static.  Although volumes of 

Venezuelan production and exports are expected to gradually increase over time, EnSys took the view 

that inter-company deals and geopolitical interests would lead to a continuation of the trend of moving 

                                                           
84

 http://www.eia.gov/dnav/pet/pet_move_impcus_a2_nus_epc0_im0_mbblpd_a.htm.  
85

 A law was signed by President Calderon in Mexico that would allow foreign companies to participate in Mexican 
crude oil production.  PEMEX’ June 2010 business plan, 
http://www.pemex.com/files/content/business_plan_100712.pdf, page 39, projects crude oil production 
recovering from under 2.6 mbd in 2010 to 3.3 mbd by 2024.   However, this projection is considered optimistic.  
For this study, EnSys used the projection for Mexican crude oil production in the EIA 2010 International Energy 
Outlook.  The IEO projection, which we believe is broadly in line with other current projections, has the decline 
rate for total Mexican crude production slowing from over 7% p.a. 2007 through 2009 to under 4% p.a. average for 
2010 through 2030.  The decline rate for heavy Mexican crude is projected at over 6% p.a. average, (versus 12.2% 
p.a. average 2007 – 2009), thus both the volume and the proportion of heavy (Mayan type) crude decline 
progressively over time.   The slowing of the projected decline rates versus recent history arguably is a reflection of 
assumed benefits arising from increased foreign participation in Mexico’s production.    

http://www.eia.gov/dnav/pet/pet_move_impcus_a2_nus_epc0_im0_mbblpd_a.htm
http://www.pemex.com/files/content/business_plan_100712.pdf
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crudes to markets outside the USA, notably Asia, thereby removing potential for any significant upward 

reversal in exports to the U.S.    

Consequently, combined U.S. import volumes of Mexican plus Venezuelan crudes are projected in all 

scenarios to drop from around 2 mbd today to around 0.9 mbd in 2020 and slightly less beyond 2020, as 

illustrated in Figure 5-58 and Figure 5-59.  This development is only minimally affected by availability of 

pipelines delivering imported WCSB crude oil. 
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Figure 5-58 

 

 

Figure 5-59  
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Figure 5-60 

 

Figure 5-61 
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Reference Outlook

The main balancing sources for crude supplies into the U.S. are projected as Africa and especially the 

Middle East.   Figure 5-60 and Figure 5-61 illustrate that crude imports from Europe/FSU/Africa/Asia are 

projected to vary moderately depending on pipeline scenario. The main variability within this group 

relates to crudes from Africa.   The figures also show that imports from these regions are sensitive to 

and drop with lower U.S. product demand.   Versus very slowly declining under the AEO outlook, from 

around 3 mbd in the 2010-2015 timeframe to around 2.7 mbd by 2030, import levels drop significantly 

under Low Demand, to 1.9 mbd by 2030.    

Middle East crude oil imports are also projected as being impacted by both pipeline scenario and U.S. 

demand level (Figure 5-62 and Figure 5-63).  Pipeline scenario is projected as affecting Middle East 

imports to the U.S. by as much as 0.5 mbd by 2020 and 1 mbd by 2030.  Essentially, the more WCSB 

crude moves to Asia, the more Middle East crude (displaced from Asia) moves into the USA.   Shifting 

from the AEO to the Low Demand outlook for U.S. consumption turns a projected slow growth in Middle 

East crude imports (around +1 mbd by 2030) into a significant decline post 2015. By 2030, the Low 

Demand outlook is projected as lowering Middle East imports by around 1.5 mbd versus the AEO 

outlook.   

 

 

Figure 5-62 

 

 

2010 2015 2020 2025 2030

KXL 1.57 1.96 1.93 2.08 2.46 

KXL+Gway 1.57 1.96 2.13 2.46 2.68 

KXL No TMX 1.57 1.92 1.70 1.70 1.73 

No KXL 1.57 2.13 1.99 2.08 2.42 

No KXL Hi Asia 1.57 2.13 2.20 2.49 2.79 

No Exp 1.57 2.09 1.88 2.01 2.49 

NoExp+P2P3 1.57 2.13 1.99 2.18 2.62 

-

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

m
ill

io
n

 b
p

d

US Imports of Middle East Crude
Reference & Scenarios



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

104  

 

 

 

 

Figure 5-63 

 

Higher WCSB volumes moved to Asia, rather than the U.S., lead to higher U.S. imports of crude oils from 

non-Canadian sources, notably the Middle East.  Figure 5-64 illustrates WORLD results for 2030, under 

the AEO outlook, for four scenarios spanning the range from low to high WCSB imports into the USA.  

The lowest import scenario (KXL No TMX) has KXL but no TMX expansion. The highest (No KXL High Asia) 

assumes pipeline capacity to the BC coast and hence onward by tanker to Asia that, by 2030, includes 

Transmountain TMX 2, 3 and Northern Leg and Enbridge Northern Gateway, projects that total 1.325 

mbd.   As Canadian crude imports to the U.S. drop between the KXL no TMX and the No KXL High Asia 

scenario by 1.1 mbd, those from the Middle East increase by essentially the same amount.  
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Figure 5-64 

 

5.2.3.7 Effect of Pipeline Availability on Destinations for U.S. Crude Oil 

Import Revenues 

Figures 5-65 and Figure 5-66 show U.S. total crude oil import costs for 2030 under both the AEO 

(Reference) and Low Demand outlooks as taken from WORLD model results.  The imports costs in these 

figures are directly derived from WORLD results for crude oil import volumes, as described in the 

previous section, and are computed as volume of each crude grade imported multiplied by the delivered 

price for that grade as generated by the WORLD model, then summed by export region.   

Total import costs vary little across all pipeline availability scenarios.   However, the export regions to 

which the associated costs or “wealth transfers” would be made to pay for the crude oil imports vary 

substantially depending on the pipeline scenario.   As discussed in Section 5.2.3.6, the main projected 

interplay is between crude oil imports from Canada and the Middle East.   Under the pipeline scenarios 

that allow normal expansion, the highest WCSB and thus total Canadian oil imports are under the KXL 

No TMX scenario and the lowest are under the No KXL High Asia.   Under the AEO outlook, the costs paid 

in 2030 for crude oils from Canada drop from $142 bn/year for oil sands plus $15 bn/year for 

conventional, total $157 bn/year, under KXL No TMX to a total of $101 + $12 = $113 bn/year under No 

KXL High Asia, (all in 2008 dollars).   Thus the reduction in cost to the U.S. is $157 - $113 = $44 bn/year.   
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Against this, the costs of Middle East crude oil imports rise from $72 bn/year under KXL No TMX to $115 

bn/year under No KXL High Asia, an increase of $43 bn/year.  This shift relates to just over 10% of the 

total 2030 U.S. crude oil import cost of around $415 bn/year.   

Under the Low Demand outlook, the corresponding projections are for the costs of Canadian crude oil 

imports to be $40 bn /year lower under No KXL High Asia and the costs of Middle East crude oil imports 

$37 bn/year higher.   This shift in revenues is close in $bn / year to that under the AEO demand outlook.  

However, the percentage shift is larger, around 12%, since the total U.S. crude oil import bill is lower at 

$306 bn /year.  

Under the AEO demand outlook, KXL No TMX pipeline scenario, Canadian crude oils comprise 38% of 

total U.S. crude oil import costs in 2030.  Under the same pipeline scenario but Low Demand outlook, 

the proportion rises to 48%.        

The data in Figures 5-65 and Figure 5-66 also reinforce how demand outlook has limited impact on the 

cost to the USA of crude oil imports from Canada but a substantial impact on costs of imports from (and 

thus potential “wealth transfer” to) regions other than Canada.   As discussed in Section 5.2.3.5, EnSys’ 

projections were that crude oil imports from Mexico and Venezuela would change little across any 

scenario or demand outlook.   The cost of imports from those two countries is consequently projected 

as changing little.   Conversely, the cost of crude oil imports from Europe/FSU/Asia, Africa and especially 

the Middle East are projected to be substantially lower under Low Demand than under the AEO 

Reference outlook.    

The charts reiterate the minimal differences anticipated between the KXL and No KXL scenarios by 2030.  

They also illustrate how oil sands would dominate US crude oil imports from Canada by 2030 and how 

the value of those imports would be cut under the No Expansion scenario.            
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Figure 5-66 
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5.2.3.8 U.S. & Canada Regional Potential to Absorb WCSB Crude Oils 

WORLD results show that, in considering potential destinations for WCSB crudes within the USA and 

Canada, it is necessary to consider the very different opportunities offered by different regions.  Broadly, 

the results show limited potential for increased volumes to be refined in western and eastern Canada, 

PADDs 1, 4 and 5 and significant potential in PADD2 and especially PADD3.    

Western Canadian refineries already rely totally on WCSB crude oils.  Given projected flat Canadian oil 

demand growth, and recognizing this study did not include any “vision” scenario under which WCSB 

crude upgrading and refining would extend to developing significant product exports and 

petrochemicals, (see Section 4.2.3), western Canadian refineries are projected to have little additional 

ability to absorb WCSB crudes.  

Eastern Canadian refineries today process a mix of WCSB and foreign crude oils.  WORLD projections 

are for the mix to stay relatively stable over time.  This avoids eastern Canadian refineries having to 

undertaken major investments to take in heavy WCSB streams.   

Crude oils from WCSB are currently processed in only one small PADD1 refinery in Warren, western 

Pennsylvania.  Given that refinery’s relatively isolated location, it was assumed that its ability to expand 

and to take in additional WCSB volumes would be minor.  

PADD4 refineries take in WCSB crudes today but also represent one outlet for growing Bakken crude 

production.   As discussed in Section 3.2.3.2, expansions of the Butte pipeline from the Bakken area to 

PADD4 are planned.   Study results showed increases in Bakken crudes being run in PADD4 with 

resulting flat to reduced levels of WCSB crudes86.      

PADD5 refineries comprise two main groups, those in Washington state and those in California.  

Washington refineries were projected as able to take additional WCSB crudes under scenarios where 

pipeline capacity to BC is expanded.  However, volumes are projected to be modest.  The group’s 

refinery capacity totals some 623,000 bpd but ANS crude comprises a primary intake.  Even with 

continuing declines in ANS production, these refineries are projected to continue to take in appreciable 

proportions of ANS crude, thereby offering opportunities for WCSB crudes but limited in scale.    

In contrast, California refineries include some 1.8 mbd of capacity comprising large, highly complex 

facilities that run a high proportion of heavy crudes.   These refineries have been taking in growing 

volumes of Middle Eastern grades in recent years as production from California’s own fields and from 

Alaska has declined87.  In principle therefore, the California refineries represent a significant potential 

market for WCSB crude oils and a good fit with heavy grades, both to replace declining domestic 

production and to displace imports.   This study, however, was undertaken on the basis that California 

                                                           
86

 In 2009, PADD4 refineries processed 540,000 bpd of crude, of which 231,000 bpd was from Canada.   
87

 PADD5 refineries in total processed around 50,000 bpd Middle East crudes in the mid 1990’s. The level then rose 
progressively to  400,000 bpd by 2004.  Since then, imports have remained in a 400,000 – 500,000 bpd range. 
Source: http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=mcripp5pg2&f=a.  

http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=mcripp5pg2&f=a
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Law AB32 would be in place88 and that this would effectively prevent the processing of any WCSB oil 

sands  in the state (while still allowing conventional WCSB crudes).    Consequently, the potential market 

for WCSB oil sands crudes in California was not examined.     

As shown by the WORLD results across a range of scenarios, PADDs 2 and 3 represent the key areas with 

the potential to take in significant additional volumes of WCSB crudes.   

WORLD results for PADD2 are summarized in Figure 5-67 and Figure 5-68.  Under the KXL scenario, 

PADD2 refinery processing of WCSB oil sands streams roughly doubles from today’s levels to around 1.7 

mbd post 2020.  PADD2 oil sands volumes processed are sensitive to the assumed capacity of pipelines 

west to BC and thence by tanker to Asia.  Introducing more such capacity reduces WCSB flows into 

PADD2 and vice-versa.  WCSB volumes processed in PADD2 are projected to be highest under the No 

Expansion scenario.  Constraining pipeline capacity to today’s levels severely limits ability to move WCSB 

crudes to Asia or into PADD3 and creates economic incentives to maximize use of existing pipeline cross-

border capacity into PADD2 (also onward to eastern Canada) so as to minimize production shut-in of 

WCSB crudes.   AEO or Low Demand outlook makes little difference to WCSB volumes processed in 

PADD2 under any one pipeline scenario, except from 2025 to 2030 when volumes processed are lower 

under the Low Demand outlook.   

A number of projects have been implemented or are under way in PADD2 to increase refinery intakes of 

heavy WCSB crudes, including oil sands.  These projects have generally comprised high cost refinery 

upgrades entailing installation of cokers and other major processing units.  They were included in the 

total capacity for PADD2 assumed to be on stream before 2015 and are a major factor in the increases 

projected for PADD2 processing of WCSB crudes89.    PADD2 refining capacity totals 3.6 mbd.  Other than 

in the No Expansion scenario, WORLD results indicate a potential for PADD2 to process up to 2 mbd of 

oil sands crudes90.  Based purely on transport economics, the economic logic would be to process all 

available WCSB supply in PADD2 before sending any on to PADD3.  This is because taking WCSB crudes 

into PADD2 backs out crude imports which are shipped in from the Gulf Coast up the Capline and other 

systems.  Taking WCSB down to PADD3 while import crudes still flow up to PADD2 would mean incurring 

a double transportation cost as the two sets of crudes would pass each other.   However, neither crude 

oils nor refinery configurations and processing capabilities are uniform.  They vary widely and not all 

PADD2 refineries are amenable to being economically upgraded to process WCSB heavy streams while, 

at the same time, there is substantial existing capacity in the PADD3 Gulf Coast designed for heavy 

crudes.   This reality leads to projections which combine a significant – but economically limited - degree 

of upgrading of PADD2 refineries with transporting WCSB streams down to the Gulf since refiners there 

have configurations able to take them.   

                                                           
88

 California Proposition 23 to over-turn Law AB32, Global Warming Solutions Act of 2006, was defeated in the 
November 2

nd
, 2010 elections.  

89
 Firm PADD2 projects included 250,000 bpd of crude distillation capacity and 170,000 bpd of coking.  

90
 In the No Expansion scenario, the lack of alternative outlets leads to incentives to invest to further increase 

PADD2 WCSB processing, which consequently reaches a peak in the range of 2.3 – 2.4 mbd.  



EnSys Keystone XL Assessment - Final Report Dec 23rd 
2010 

 

110  

 

PADD3 Gulf Coast refining includes over 5 mbd of refineries capable of processing substantial volumes 

of heavy sour crudes (out of a total of 8.4 mbd of PADD3 capacity).  In 2009, PADD3 as a whole imported 

2.9 mbd of heavy crudes (defined by the authors as less than 29 degrees API).  However, the prospects 

for continuing to maintain such import levels from sources other than Canada appear to be limited.     

As discussed in Section 5.2.3.6, crude oil imports from Mexico and Venezuela, which flow predominantly 

into Gulf Coast refineries, have been in steady decline and are projected to continue to drop over the 

next several years, from 2.9 mbd total in 2004 to around 0.8 mbd by 2020.   Several potential alternative 

sources exist outside of North America but none of these appears likely to fill the gap.  Production from 

Ecuador is largely already committed.  Heavy crude production from Colombia is increasing but volumes 

are limited, of the order of plus 100,000 bpd.  Brazil has ambitious plans to increase its crude production 

but (a) not all of this is heavy crude and (b) Petrobras has announced plans to spend up to $60 billion in 

the coming years on four major refinery projects.  Their strategy is to process the country’s heavy crudes 

(e.g. around 16 API) in these refineries and to export the better quality crude grades.  In short, this plan 

– if implemented – would keep at least part of Brazil’s incremental heavy crude production “at home” 

and thus off international markets.   The same strategy is also being employed in Middle Eastern 

countries where Saudi Arabia, Qatar and Kuwait are all either implementing or considering refining plans 

that would process heavy crude volumes domestically.    

The recent very large Reliance refinery projects, which total some 1.2 mbd capacity in Jamnagar, India, 

comprise an ability to run predominantly heavy crudes.  In addition, there is an on-going trend in 

selective refineries worldwide to install additional upgrading capacity, i.e. to process heavier crudes. The 

Japanese government has recently issued a new rule requiring refiners in the country to increase their 

ratios of upgrading per barrel of crude processed.   This is likely to have one or both of two effects, 

either to reduce (close) active crude distillation capacity and/or to increase upgrading capacity through 

new projects.   Either way, the country is likely to process a heavier crude slate in future.   Finally, at 

least in the short term, analysts’ projections are that the world’s crude slate is likely to become 

somewhat lighter rather than heavier.  This is, in part, because of short term increases in NGL’s and 

condensates supply, driven by natural gas projects in the Middle East, also the U.S., and elsewhere.   

Taken together, these developments create an outlook where PADD3 refiners could have difficulty in 

the future competing for and obtaining sufficient heavy crudes to fill available heavy crude processing 

and upgrading capacity, and therefore a priori could be expected to have an interest in acquiring heavy 

WCSB crudes. Based on WORLD model results, PADD3 refineries have the potential to process large and 

growing volumes of WCSB oil sands crudes, as summarized in Figure 5-69 and Figure 5-70.    Comparing 

the KXL and No KXL scenarios, study results indicate that PADD3 refineries would process around 0.8 

mbd of WCSB crudes by 2020 and 1.4 mbd by 2030 irrespective of whether KXL was or was not built91. 

(Stated Keystone XL capacity to the Gulf Coast is 700,000 bpd.)  Results show these volumes would be 

higher if no capacity was built to the BC coast (KXL No TMX) and lower if capacity was built in addition to 

                                                           
91

 TransCanada has stated that shippers have committed to move 380,000 bpd of WCSB crude oils to U.S. Gulf 
Coast refineries on Keystone XL if built.  This commitment was built in to the KXL scenarios, setting a minimum 
level of WCSB crudes assumed to move to the Gulf Coast on the pipeline if built. 
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Reference Outlook

the TMX 2,3 projects included in the KXL and No KXL scenarios92.   By 2030, WCSB volumes processed in 

PADD3 could range from 0.6 to 1.8 mbd under the AEO outlook depending on available pipeline capacity 

to the BC coast, (0.75 to 1.97 under the Low Demand outlook).    

  

The scenario results indicate (a) that incentives exist to deliver significant and rising WCSB volumes to 

the Gulf Coast and (b) that PADD3 refineries would themselves competing with Asian refineries for 

WCSB crudes in scenarios where additional capacity to the BC coast and thence Asia was available.  KXL 

would add to short term cross-border capacity but would also provide one means to deliver WCSB 

crudes to the Gulf Coast, (potentially from first quarter 2013, subject to permitting).   

 

 

 

 

Figure 5-67 

 

 

                                                           
92

 As discussed in Section 4.4, the options for Keystone XL to take in Bakken crudes at Baker Montana and West 
Texas/Mid-Continent crudes at Cushing were not included in the study scenarios.  The notifications on related 
“open seasons” were too late to be considered and Transcanada has stated it will not make any decision on either 
option before early 2011.   
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Figure 5-68 

 

 

Figure 5-69 
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Figure 5-70 

5.2.3.9 Effect on PADD3 Crude Oil Sources 

Increases in crude imports from Western Canada to PADD3 predominantly offset imports from the 

Middle East.  As shown in Figure 5-69 and Figure 5-70, the KXL No TMX and the No KXL High Asia 

scenarios represent the extremes of respectively high and low WCSB volumes into PADD3 (and the USA 

as a whole).  If WCSB crudes move to Asia instead of the U.S., it is somewhat lighter crudes – notably 

Middle Eastern medium and heavy sour grades as the balancing crude supply – that fill their place93.  

Figure 5-71 and Figure 5-72 highlight the changes in PADD3 crude slate between KXL No TMX and No 

KXL High Asia scenarios under both AEO and Low Demand outlooks.  By 2030, the difference between 

the KXL No TMX and the No KXL High Asia scenarios is an increase of 1.25 mbd Canadian crude imports 

and a reduction of 1 mbd in Middle Eastern crude imports.   Comparing results for the same pipeline 

scenario and time frame (2020 or 2030) for AEO versus Low Demand outlook illustrates how U.S. 

demand reduction in turn reduces U.S. imports of Middle Eastern crude oils.  Under the Low Demand 

                                                           
93

 Figures set out in Section 5.2.2.3 show some variation in PADD3 crude slate quality – by up to around 0.5 
degrees API – depending on the scenario.   Broadly, projected PADD3 crude slate is at its heaviest under scenarios 
which maximize WCSB crudes into the region and vice versa.    
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outlook, KXL No TMX scenario, Middle Eastern crude oil imports are projected as cut to a nominal 

level94.   

 

 

 

 

Figure 5-71 

  

                                                           
94

 This study did not assume or allow for Middle Eastern or other crude suppliers to deliberately subvent their 
crude prices in order to maintain flows into the USA or elsewhere.   To the extent this were to happen, it would 
affect the results, e.g. to maintain higher Middle Eastern crude import volumes than are shown here.  
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Figure 5-72 
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Middle East

Europe/FSU /Africa/Asia

3.29 

0.73 

1.59 

1.14 

0.28 

PADD-3 Crude Sources
Scenario - No KXL Hi Asia - 2030

million bpd

USA

Canada

Latin America

Middle East

Europe/FSU /Africa/Asia
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6 Conclusions 
 

This study has considered and presented the projected impacts out to 2030 of Keystone XL, and of other 

potential WCSB export pipelines, on U.S. refining, oil markets and import dependency.   The study has 

taken into consideration the effects of alternative U.S. product demand scenarios, as could be driven by 

legislative agendas focused on the environment and/or energy security, but has not considered either 

the potential consequences of any U.S. climate legislation, of life-cycle or other emissions aspects of 

Canadian oil sands or consequences for the U.S. or Canadian economy.  Such considerations were not 

within EnSys’ mandate from the Department of Energy.  

The Keystone Mainline pipeline system now under start-up will have the capacity as of early 2011 to 

take 591,000 bpd of heavy WCSB crudes, including oil sands, from Hardisty Alberta to Steele City 

Nebraska and then onward to either Wood River/Patoka Illinois or to Cushing.  Keystone XL would add a 

further 700,000 bpd of pipeline capacity to bring WCSB crudes to Cushing and thence south to Gulf 

Coast refineries.  The project could also potentially (a) enable Bakken crudes in North Dakota and 

Montana to be linked in to KXL and taken to Cushing and the Gulf Coast and (b) enable U.S. crudes in the 

Cushing area to be taken into the line and transported to the Gulf Coast, subject in part to the volumes 

of WCSB crudes offloaded at Cushing.   

WORLD and ETP studies indicate that building versus not building Keystone XL would not of itself have 

any significant impact on: U.S. total crude runs, total crude and product import levels or costs, global 

refinery CO2 or life-cycle GHG emissions.  This is because changing WCSB crude export routes would not 

alter either U.S., Canadian or total global crude supply, (other than a small impact under a No Expansion 

scenario), or U.S. and global product demand and quality. The same slate of crude oils would have to be 

refined even if reallocated geographically.   

The combination of existing spare cross-border capacity with opportunities to provide alternative 

capacity over time, including several already-defined potential projects both cross-border and from 

PADDII to PADDIII, would enable industry to respond to KXL not being built, with the projected result 

that crude export dispositions from Western Canada and levels of WCSB imports to the USA would be 

similar to those which would obtain if KXL were built95  Put differently, scenario results indicate that – if 

KXL were not built – there would be market demand to put in place broadly similar capacity, including to 

the U.S. Gulf Coast.  

Production levels of oil sands crudes would not be affected by whether or not KXL was built. WCSB 

production would only be impacted (relative to the CAPP 2010 projection used in the study) if there 

were no further pipeline expansion out of WCSB and within the USA beyond projects currently under 

construction.  Even then, because of existing available line capacity, oil sands production would not 

                                                           
95

 This unless KXL not being built led to expansions of pipelines to take WCSB crude to the British Columbia coast, 
thence Asia, instead of broadly similar capacity to bring WCSB crudes into the U.S. 
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begin to be curtailed until after 2020. Versus the base projections, WCSB production would be curtailed 

by approximately 0.8 mbd by 2030.  Since, to occur, such a scenario would have to entail no expansion 

of (a) pipelines entirely within Canada that could take WCSB crudes from Alberta to the British Columbia 

coast, (b) existing cross-border lines from WCSB to the U.S., (c) existing internal domestic U.S. pipelines 

that could take WCSB crudes to market within the U.S. - and to eastern Canada and (d) alternative 

proven transport modes, namely rail possibly supported by barge, the scenario is considered unlikely.  

Keystone XL would increase the cross-border capacity surplus such that it would then persist until 2020 

or later.  However, the 2005 through 2008 shortages in WCSB export pipeline capacity, and the Summer 

2010 forced shutdown of over 650,000 bpd of capacity on the Enbridge Mainline/Lakehead system due 

to a spill, each led to adverse consequences including, production shut-ins, high price discounts on 

WCSB heavy grades and resulting loss of revenues to Canadian producers, shippers and government 

agencies; also difficulties for U.S. refiners.  KXL would provide increased redundancy that would reduce 

the likelihood of such occurrences.   KXL could also provide an additional means to bring Bakken crudes 

to market and/or to help relieve congestion at Cushing by allowing flexibility to ship locally available 

barrels to the Gulf Coast96.    

Study results indicate that the ability of KXL – or otherwise alternative projects - to transport heavy 

WCSB crudes to the Gulf Coast would satisfy incentives for Gulf Coast refiners to maintain supplies of 

heavy crudes at a time when volumes from traditional suppliers, notably Mexico and Venezuela, are 

continuing to decline.  Volume commitments claimed by TransCanada for KXL indicate that firm interest 

from U.S. refiners does exist to bring at least 380,000 bpd of WCSB crudes to the Gulf Coast.    

A central finding from this study is that the U.S. has the potential to take in substantially increasing 

volumes of crude oil from Canada over time, albeit with a steadily rising proportion of oil sands streams 

which would reach close to 90% by 2030.  Study results indicate U.S. refining of Canadian crudes could 

rise from 1.9 mbd in 2009 to 4 mbd by 2030.  Associated oil sands streams imports would rise from 

under 1 mbd in 2009 to over 3.6 mbd by 2030. This projected increase would curb dependency on crude 

oils from other sources notably the Middle East and Africa. 

U.S. imports of WCSB crudes rise under all scenarios considered.  However, the study shows that WCSB 

crude volumes into the U.S. are sensitive to the development of pipelines within Canada to the British 

Columbia coast and thence to markets in Asia, the region which will constitute 75% of the world’s 

refining capacity growth between now and 2030.  The Kinder Morgan TMX 2 and 3 projects would entail 

expansion along the existing Transmountain pipeline right of way.  The Kinder Morgan Northern Leg 

would use partly existing, partly new facilities and rights of way and the Enbridge Northern Gateway 

entirely new facilities and right of way.   The Northern Leg and Northern Gateway projects in particular 

face significant hurdles.  However, construction of TMX 2 and 3 would add 0.4 mbd of capacity west to 

the BC coast and construction of all three projects would result in a total capacity of over 1.3 mbd.  

                                                           
96

 Congestion and high inventories at Cushing over the last two years, caused in part by the recession, have led 
inter alia to discontinuities in prices for West Texas Intermediate benchmark crude and a consequent diminution in 
WTI’s role.  Several major producers have replaced WTI with the new Argus Sour Crude Index (ASCI).  
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Implementing one or more of these projects would increase WCSB export capacity, move the system 

away from being almost entirely land-locked and diversify markets for WCSB crudes.   

The evidence from the WORLD model cases is that, if pipeline projects to the BC coast are built, they are 

likely to be utilized. This is because of the relatively short marine distances to major northeast Asia 

markets, future expected growth there in refining capacity and increasing ownership interests by 

Chinese companies especially in oil sands production.  Such increased capacity would alter global crude 

trade patterns.  WCSB crudes would be “lost” from the USA, going instead to Asia.  There they would 

displace the world’s balancing crude oils, Middle Eastern and African predominantly OPEC grades, which 

would in turn move to the USA.   The net effect would be substantially higher U.S. dependency on crude 

oils from those sources versus scenarios where capacity to move WCSB crudes to Asia was limited.  

Instead of reaching 3.6 mbd by 2030, WCSB oil sands volumes into the U.S. could be 2.6 mbd, possibly 

lower still and Middle East/African crude imports correspondingly higher.   

The study has shown that reduction in U.S. petroleum product demand would not appreciably cut WCSB 

crude flows into the U.S.  Rather, a low U.S. demand outlook would substantially reduce U.S. 

dependency on foreign (non-Canadian) crudes and products.  A combination of increased Canadian 

crude imports and reduced U.S. product demand could essentially eliminate Middle East crude imports 

longer term.  Low U.S. demand is also projected to reduce U.S. net product imports and potentially turn 

the USA into a net product exporter after 2020.    
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Disclaimer 

This report was prepared as an account of work sponsored by an agency of the United States 

Government.  Neither the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 

the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, 

or represents that its use would not infringe privately owned rights.  Reference herein to any specific 

commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does 

not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 

Government or any agency thereof.  The views and opinions of authors expressed herein do not 

necessarily state or reflect those of the United States Government or any agency thereof. 
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Abbreviations & Acronyms Used in this Report 

bbl  barrel 

bpd  barrels per day 

mbd  million barrels per day 

tpa  tonnes per annum 

mtpa  million tonnes per annum      

 

DOE  Department of Energy 

DOS  Department of State 

EPA  Environmental Protection Agency  

PADD  Petroleum Administration for Defense Districts 

 

BC  British Columbia 

CAPP  Canadian Association of Petroleum Producers 

NEB  Canadian National Energy Board   

WC  Western Canada 

WCSB  Western Canadian Sedimentary Basin 

 

ETP  Department of Energy’s Energy Technology Perspectives Model 

WORLD  EnSys’ World Oil Refining Logistics & Demand Model 
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1 Overview of EnSys & WORLD Model 
 

1.1 EnSys’ Experience 

EnSys is an independent consultancy led by senior experts with substantial oil industry and refining 

backgrounds and which specializes in providing analyses and projections to support strategic industry-

related decisions most frequently at national, international and global levels.   Our focus is on 

regulatory, climate, investment, economic, trade, supply, demand and technology developments and 

how these impact refining and oil markets.  

EnSys brings to bear an essentially unique track record of refining sector analyses including global 

studies using EnSys’ WORLD model that stretch back to 1987.  These include a long history of analyses 

for US government agencies: 

o DOE Offices of Strategic Petroleum Reserve and Energy Emergencies  – several analyses 

of real and hypothetical emergencies from 1987 through 2005 

o DOE, Oak Ridge Laboratory and U.S. Navy – a series of analyses and support to ORNL 

studies of regulations for reformulated and military fuels spanning the mid 1980’s 

through early 2000’s 

o Argonne National Laboratory – assessment of potential carbon regime impacts on the 

global petroleum industry as part of the lead up to Kyoto 

o EIA - supply of EnSys’ WORLD model in 1992, support on NEMS and WORLD including re-

supply of updated WORLD model in 2006 

o EPA - several analyses of US fuels regulations including most recently on marine fuels 

and to support the US 2009 ECA submission to the International Maritime Organisation 

as well as a wide span of public and private sector clients including: 

o US DOE, EIA, EPA etc. as above 

o World Bank, Inter American Development Bank, International Maritime Organisation 

o Private sector oil and specialty companies: ExxonMobil, ConocoPhillips, Marathon, Koch, 

Amerada Hess, Shell, BP, Total, Afton Chemical, ARCO Chemical  

o American Petroleum Institute – fuel and climate regulation studies  

o National oil companies and energy ministries: Abu Dhabi, Qatar, Tunisia, Ecuador, 

Trinidad  

o OPEC Secretariat (annual World Oil Outlooks)   

o Bloomberg (daily refining netbacks) 



EnSys Keystone XL Assessment - Final Report 
Appendix 

Dec 23rd 
2010 

 

2  

 

o State of New York, City of New York, Suffolk County, State of New Hampshire. 

 

Our stress is on impartial analysis in all our assignments and our goal in this study was to apply our best 

judgment to assess how the drivers of industry economics would lead to changes in the US, Canadian 

and global oil sector under different scenarios.  

 

1.2 EnSys WORLD Model 

 

WORLD is an advanced modeling system which captures and simulates the global and interlinked nature 

of today’s and tomorrow’s downstream oil industry. The model provides projections of global refining 

developments, crude and product flows, pricing and refining margins as shown in Figure 1-1. It is a 

highly flexible system, with the ability to model short, medium, and long-term forecasts.    The model 

works by combining top down scenarios for projected oil price/supply and demand over the next twenty 

years with bottom up detail on crude oils, non-crudes, (NGL’s, biofuels, etc.), refining, transportation, 

product demand and quality.   

 

Figure 1-1 
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The version of WORLD used for this study for the Department of Energy comprised 22 regions with 

detail oriented to the US and Canada, including discrete representation of each PADD, Canada East and 

Canada West, (Figure 1-2), plus sub-PADD groupings for US refineries.   

 

 

 

  

Figure 1-2 
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2 Study Starting Point, Set Up and Specific 

Premises 
 

2.1 Reference Basis & Premises 

 

This study used the following for its starting point: 

 Employed the latest US-oriented version of WORLD: 

o 5 US PADD’s, Canada East & Canada West plus 15 other world regions for a total of 22 

o Sub-PADD detailed breakdown / grouping of US refineries, total of 18 US refining groups 

o One refining aggregate group for each region outside US including Canada East & West 

 Top level world regional supply/demand/world oil price outlook based on EIA Annual Energy 

Outlook 2010 Reference Case 

 Alternative US low demand outlook taken from a March 2010 EPA report1 examining more 

aggressive measures to cut transport fuel demand in the US supplemented by global demand 

and world oil price adjustments generated using the DOE ETP model  (See Section 2.3.5) 

 Detail of crude supply, non-crudes supply, product demand mix and quality, refining capacity 

and projects, crude and product transportation (mainly marine and inter-regional pipelines) 

basis and outlook built up from multiple sources as extensively applied in recent EnSys studies 

 WORLD cases for 2010, 2015, 2020, 2025 and 2030 from recent EnSys studies 

To best fit the model to the DOE study, several checks and adjustments were made, including: 

 AEO 2010 and the more recent IEO 2010 projections were compared and selected adjustments 

made  

o The starting basis in WORLD at the beginning of the assignment was the AEO 2010 

Reference Case (produced December 2009). Versus this, there are a range of specific 

differences in supply and demand projections by region in the 2010 EIA International 

Energy Outlook (IEO); for instance slightly lower total global demand by 2030.  Because 

of the relatively limited differences between the two outlooks, and because of the 

limited time available and the focus on the USA and Canada, EnSys took the decision to 

move to the IEO 2010 basis only on a few parameters which potentially would materially 

impact the study, specifically: 

                                                           
1
 EPA Analysis of the Transportation Sector, Greenhouse Gas and Oil Reduction Scenarios, February 10, 2010, last 

updated March 18, 2010, in response to September 2009 request from Senator Kerry.  



EnSys Keystone XL Assessment - Final Report 
Appendix 

Dec 23rd 
2010 

 

5  

 

 The AEO global demand was retained, leading to a projected 90.9 million bpd by 

2015 (versus 88.7 in the IEO) and 105.9 million bpd in 2030 (versus 103.9 in the 

IEO).  The AEO medium term outlook was also compared with and found to be 

closely in line with the then latest EIA Short Term Energy Outlook (June 2010) 

and the IEA’s June 2010 Medium Term outlook.     

 USA demand outlook was not altered as it is the same in both AEO and IEO 

 Canadian product demand outlook was retained at the AEO levels. (The IEO has 

lower growth rates, 2020 demand 2.2 million bpd versus 2.37 in the AEI, 2030 

demand 2.3 million bpd versus 2.55 in the AEO.) 

 Global, South American and US biofuels/ethanol production were tuned 

to IEO as were coal-to-liquids (CTL), gas-to-liquids (GTL) and shale oil.  

This was because the AEO does not contain specific regional projections 

for these fuels.  AEO and IEO have the same projections for US biofuels. 

 

 USA liquids production: 

 AEO and IEO have the same projections for US conventional liquids 

supply – so AEO retained 

 AEO projections were used as the basis for projecting US production by 

region/state  

o However, AEO 2010 Table 113 shows near term declining crude 

production for the Rocky Mountain region despite the fact that 

ND (Bakken) production is rising rapidly. The table then has the 

region’s production rising steadily long term.  An adjustment 

was made wherein the short term dip in production projected in 

the AEO was replaced by an increase. Longer term AEO values 

were left unchanged2.   

 Canada total liquids and oil sands production.  Since Canada’s oil sands production is at the 

center of this study, projections from the IEO and Canadian sources, notably CAPP and the 

Alberta Energy Resources Conservation Board (ERCB), were compared.  The AEO does not 

contain explicit projections for Canadian oil sands, only “North American non-conventional” 

o The IEO projections for Canadian oil sands production have lower growth than those 

from CAPP on which many export pipeline projects are being based. Since the CAPP 

projection reflects the Canadian industry’s latest “best estimate” forecast, and includes 

a series of projects reactivated or initiated since the beginning of 2010, the CAPP 

projections were used.  Table 2-1 below summarizes the CAPP projections and provides 

comparison with the IEO  

                                                           
2
 Given Bakken crude projections made available since these premises were set, it appears that the projections 

used in the model cases were likely to have understated future Bakken production.  This is further discussed in the 
main Report, Section 3.2.3.2.  
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o Versus their 2009 outlook, the 2010 CAPP projection contains a lower proportion of fully 

upgraded light synthetic crude (SCO) and higher proportions of bitumen blends.  This 

shift reflects delays and cancellations to a number of upgrading projects and the 

anticipation of growing available supplies of diluent.   

o Details from 2010 and 2009 CAPP and related projections were used to arrive at a 

breakdown of bitumen blends between DilBit and SynBit. (DilBit is a blend of 

naphtha/condensate and bitumen, SynBit of SCO with bitumen.)  Expected growing 

availability of condensates/diluents, from the Enbridge Southern Lights project and from 

CN Rail imports via Kitimat British Columbia as well as from western Canadian 

condensate itself has led to a shift to higher proportions of DilBit, less SynBit   

o The CAPP projections used were very close to those already in WORLD 

o Specific Western Canadian crude grades used were: 

 Conventional: 

 mixed (light) sweet 

 mixed (medium) sour 

 heavy 

  Oil sands: 

 synthetic fully upgraded 

 bitumen blends: 

o Western Canadian Select (WCS does include some conventional 

streams but is listed by CAPP under oil sands grades and 

volumes) 

o SynBit blend 

o DilBit blend (includes Cold Lake and Athabasca) 

 

Table 2-1 summarizes the projection used for WCSB crude supply.  Note, this relates to what 

CAPP terms as supply of streams to market downstream of upgraders and blending, not to raw 

production.    Also, the CAPP projections went through 2025 and were extrapolated to 2030.   
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Table 2-1 

 

 

 

 Canadian crude flows into US refineries, grouping of US refineries 

o Detailed EIA crude oil imports data for 2009 were analyzed and compared with 

Canadian Association of Petroleum Producers (CAPP) data for Canadian oil production 

and flows into US regions 

 Reconciliation was essentially exact 

2008 2009 2010 2015 2020 2025 2030

CONVENTIONAL 

Total Light and Medium 589 559 546 489 423 371 325

Net Conventional Heavy to Market 350 311 288 221 172 133 103

TOTAL CONVENTIONAL 939 870 834 710 595 505 428

Year on year Lt/Med 3.2% -5.1% -2.3% -2.8% -2.8% -2.6% -2.6%

Year on year Conv Hvy -8.4% -11.1% -7.4% -4.7% -5.5% -5.0% -5.1%

OIL SANDS

Percent SCO 37.2% 40.3% 43.0% 34.9% 31.5% 30.0% 28.5%

Upgraded Light Synthetic (SCO) 556 653 745 896 1,014 1,206 1,260

Bitumen Blends 937 970 986 1,669 2,202 2,818 3,160

TOTAL OIL SANDS AND UPGRADERS 1,493 1,622 1,731 2,565 3,216 4,024 4,420

c.f. IEO Canada Oil Sands/Bitumen 1,510 2,360 2,870 3,490 4,240

WESTERN CANADA OIL SUPPLY 2,432 2,493 2,565 3,275 3,811 4,528 4,848

ATLANTIC CANADA OIL PRODUCTION 342 268 250 190 190 145 106

Year on year Atlantic Canada -7.3% -21.6% -6.7% -2.6% -15.6% -6.5% -6.0%

TOTAL CANADA OIL SUPPLY 2,774 2,761 2,815 3,465 4,001 4,673 4,954

Notes:

CAPP separately projects Western Canada crude production and supply to market.

EnSys used the supply to market figures, i.e. the net output from blending and upgrading. 

Projections for 2030 are EnSys extrapoloations based on DOE guidance.

Bitumen blends include both DilBit and SynBit types - further split out in WORLD.

CAPP Crude Oil Forecast, Markets & Pipelines, June 2010

CAPP Western Canadian Crude Oil Supply Forecast 2010 – 2025

Blended Supply to Trunk Pipelines and Markets

thousand barrels per day Actuals Forecast
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 These enabled EnSys to identify US refineries receiving Canadian crude by type 

and volume 

o Taking into account 

 current routings and intake of Canadian crudes, (especially identified heavy and 

synthetic grades) 

 known US refinery projects for conversion to take Canadian heavy/oil sands and 

 projected pipeline developments, especially potential Keystone XL to  US Gulf 

Coast Houston, Port Arthur area 

o US sub-PADD refinery groupings in WORLD were adjusted to best fit the needs of the 

study.  Table 2-2 summarizes the sub-PADD refinery groupings used   

 

WORLD US Refinery Groupings for DOE Analysis 

Groups 
Operating 

Refineries in 
Group 

Total Capacity 
bpcd 

Average W Can 
Crude as % of 

Capacity 

P1-Coastal/Lo Can 12           1,542,300  n.a. 

P1-HiCan 2                 76,700  93% 

P2-East-LoCan 6               862,000  3% 

P2-East-HiCan 7           1,501,650  55% 

P2-North 4               484,250  53% 

P2-South 8               778,700  6% 

P3-GC Mid Med/Swt 10           1,564,112  4% 

P3-GC East Med/Swt 4               278,100  4% 

P3-GC Mid Sour/Coking 12           3,815,690  3% 

P3-GC East Sour/Coking 6           1,456,500  5% 

P3-GC West 4               737,050  1% 

P3-Small/Inland 14               542,000  n.a. 

P4 15               603,000  47% 

P5-AK  6               382,175  n.a. 

P5-WA 5               623,200  19% 

P5-CA/HI Small/Inland/Swt 9               274,500  2% 

P5-CA Hvy Sour 11           1,802,525  5% 

    Total 135         17,324,452  
 Note: capacities and active refineries reflect recent definite closures 

Note: all WORLD results reporting is by PADD 
  Table 2-2 
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 Canadian crude export routes, projects, capacities and tariffs 

o 2009 Canadian crude flows were used as guidelines / basis for forward reference and 

scenario cases 

o Current and projected Canadian pipeline export routes were reviewed and best 

estimate start up dates and capacities developed for projects under each Scenario 

o Several sources were reviewed including: CAPP, Enbridge and TransCanada applications 

to the Canadian NEB, industry, consultant and press reports 

o Factual information on Keystone and KXL was reviewed directly with TransCanada in 

November.   The information confirmed differed slightly from that assumed in WORLD 

model cases but did not materially alter results 

o Tariff information for the various export routes was taken from CAPP 2010 forecast and 

from published tariffs.   

 

 

2.2 Pipeline Projects  

 

The pipeline projects identified and considered in this study were discussed extensively in the 

main report.   Additional diagrams are provided below for several of the projects. 
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Figure 2-1 
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Figure 2-2 
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Figure 2-3 
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Figure 2-4 
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Figure 2-5 
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Figure 2-6 

Source: Enbridge Pipelines (North Dakota), Ashok Anand, Senior Manager, Petroleum Quality & Service 
Metrics, COQA Presentation, June 10th2010 
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2.3 WORLD Model Modifications  

 

A series of specific adjustments was made to the EnSys WORLD model for this study.  These included 

adapting to and setting up the EIA, EPA and CAPP bases described in the previous section but also a 

series of further detailed adjustments. These were made both at the start of and during the course of 

the study, based in part on initial case results.   

 

2.3.1 Pipeline Capacities & Routings 

 

Section 3.2 of the main Report provides extensive coverage of the pipeline projects considered in this 

study.  The following notes provide additional selected commentary.   

 Enbridge plans for line expansions ex ND Bakken region were reviewed and updated.  The Initial 

cases already embodied the planned capacity expansions.  The expanding crude volumes out of 

ND via Enbridge Bakken expansions (Figures 2-5 and 2-6) will take up capacity on the EPL 

Mainline system.   Part of the expanded volumes will in fact flow directly east through the line 

that joins the EPL at Clearbrook, Minnesota, south of the US/Canada border, part will flow north 

from ND joining EPL in Canada before flowing back into the US, thereby making a double border 

crossing.  This detail was ignored in the EnSys WORLD simulation which had all the expansion 

effectively staying in the US and joining the EPL in the US.   

 Transmountain (TM) base line capacity for crude was cut by 30,000 bpd3 to reflect capacity used 

for moving products (which are considered to be delivered “locally” in WORLD within the WCan 

region) 

o The amount of TM capacity used for product was assumed to remain constant i.e. TMX 

expansions were assumed dedicated to expanding only crude volumes.  This is line with 

Kinder Morgan Canada statements that they would expect expansions to be dedicated 

to crude not product 

2.3.2 Condensate/Diluent Balance  

WORLD model set up was adjusted to fully account for the condensate needed for DilBit production.   

There is a span of uncertainty between future supply mix of DilBit versus SynBit.    Earlier CAPP 

projections were showing higher proportions of future SynBit production and less DilBit compared to 

                                                           
3
 Product movements on the Transmountain line have been dropping steadily in recent years, dipping below 

50,000 bpd in 2010.   A flat figure of 30,000 bpd was used across the future modeling horizons.  
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current projections.   Earlier projections also included an expectation that several new upgraders would 

be built in Western Canada.   Further, several years ago, the Enbridge Southern Lights diluent line 

project did not exist nor did the Enbridge Northern Gateway proposal with its line that would bring 

diluent in from Asia to WCSB.  Thus earlier projections were built on the basis that there would be 

limited condensate available beyond WCSB production and that there would be significant SCO present 

for use as diluent (for SynBit).  

The EnSys projections for WCSB production were based on 2010 and 2009 CAPP data and related 

studies.   The underlying premise is that significant condensate/diluent volumes will be available 

(including streams that are recycled) and that, consequently, SynBit will comprise a small proportion of 

bitumen blends and DilBit a high proportion.  DilBit contains typically 25% condensate/naphtha diluent 

(and SynBit around 50% SCO).   CAPP have WCSB condensate production slowly declining from around 

157,000 bpd in 2010 to 129,000 bpd in 2030.  At 25%, this is sufficient to support an average of around 

520,000 bpd of DilBit.   The Enbridge Southern Lights pipeline is currently in start-up.   This will bring a 

mix of condensate and refinery naphtha diluents back up from the Chicago area to Hardisty/Edmonton.   

Initial capacity is 180,000 bpd of which around 80,000 bpd is reported to be committed.   The system 

has been designed to be expandable to 330,000 bpd.  Today around 27,000 bpd of condensate is 

reported as moving into WCSB via rail.  This is understood to be coming at least in part from Kitimat via 

CN Rail.  This may continue to move into WCSB.   Growing US and shale gas production may also provide 

additional condensate volumes over time.  

Thus, looking ahead to 2030, potential available condensate from within the US and Canada (which may 

well include recycled volumes via the Southern Lights line) totals around 460,000 bpd, possibly higher 

allowing for supplies from say Bakken shale and other developing areas.  At 25% diluent concentration, 

this is sufficient to support at least 1.8 million bpd of DilBit and possibly 2 million bpd without resorting 

to additional condensate supplies.  Potential additional sources could include condensates shipped up 

from the US Gulf Coast and potentially condensates from Asia.  The Enbridge Northern Gateway project 

currently includes a 195,000 bpd diluent line that would run parallel to the WCSB crude line running 

west to Kitimat and would bring Asian condensate in to WCSB on the tanker “back haul” leg.   EnSys’ 

projection, derived from CAPP data, is for 2.13 million bpd DilBit by 2030. This is therefore not 

inconsistent with potentially available diluent supplies and transportation systems.    Our projection of a 

relatively small proportion of SynBit (7-10% of total bitumen blends) plus WCS, (which is a SynDilBit 

blend with some conventional), at 21-33%, thus appears a plausible outlook and one which is consistent 

with latest WCSB plans for less upgrading and for growth in WCS volumes.  

The “condensate balance” was captured in WORLD by subtracting out of supply not only essentially all 

Western Canadian condensate but also volumes from PADDs 2, 3 and 4 plus supplemental volumes from 

outside the US, notably Asia.   Again, the extent to which raw condensate production is needed versus 

diluent recycled as refinery naphtha (yielded from the diluent in the DilBit) is uncertain.  Some degree of 

recycling is anticipated and, the higher the degree of recycling, the less the impacts are on “new” 
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condensate diluents that need to be supplied.   The assumption that was built in to EnSys’ diluent 

balance was that the proportion of recycling would gradually increase over time.       

 

2.3.3 (Relative) Freight versus Pipeline Costs 

 

In part spurred by the Barr Report for the NPRA4, the parameters used to escalate real (constant dollar) 

tanker and pipeline costs over time were reviewed.   Two escalation factors were used.  A factor based 

on growth in natural gas prices was used to escalate real (constant dollar) pipeline tariffs, this since 

pipeline operations use predominantly natural gas and electricity for fuel.  A second factor was 

developed for tanker costs using change in crude oil price, this since marine bunker fuels are derived 

from crude oil.  In both cases the variations in cost of natural gas or crude oil were applied as a power 

factor well below one to reflect that both transport modes embody other significant cost components.  

The resulting average annual (real) escalation rate was 0.8% p.a. for pipeline tariffs versus current (2010) 

levels. For tanker rates, the resulting escalation factors versus 2010 were in the range of 2-3% p.a. for 

shorter term horizons, leveling out to around 1.3% p.a. 2010 to 2030, driven by EIA’s growth profile for 

crude oil prices (i.e. higher increases in the earlier years).  The higher tanker escalation rates, relative to 

those for pipelines, reflect the higher rate of increase in crude costs relative to natural gas in the EIA 

AEO 2010.   In addition, the escalation in tanker rates reflects anticipated increases over time in marine 

fuel supply costs resulting from MARPOL AnnexVI with its regulations for progressively tightening sulfur 

standards5.  

 

2.3.4 Marine Bunkers Outlook  

One outcome of EnSys’ work since 2006 with the EPA, API and IMO on marine fuels was the 

development by team members of rigorous present day consumptions and projections for marine fuels 

consumption worldwide.   These analyses, which have been extensively supported by other experts, 

show that early 2000’s global marine fuels consumption was at a level essentially twice that reported by 

the IEA (i.e. around 370 mmtpa versus the 140 mmtpa level per the IEA).   The data indicate that this is a 

matter of misreporting of barrels rather than missing barrels, i.e. fuels actually consumed for marine 

bunkers are reported under other categories.  Today, the misreporting has little consequence. However, 

when projected, the impact on future global oil demand total and mix is important because of the 

                                                           
4
 Low Carbon Fuel Standard “Crude Shuffle” Greenhouse Gas Impacts Analysis, Barr Engineering Company, June 

2010 
5
 The extent to which future ECA and global emissions standards are met by fuels modification versus via exhaust 

gas treatment (on-board scrubbing) is still an unknown.  EnSys assumed a partial move toward use of lower sulfur 
fuels.   
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differences in growth rates between inland and marine heavy (residual/IFO) fuels.   The IEA have 

acknowledged that there is a problem with their statistics.  The projections developed by the 

RTI/Navigistics/EnSys team for the EPA have now been effectively endorsed by the IMO whose own 

projections are very similar.   

Several recent EnSys WORLD studies have been run by first tuning to the “IEA basis” forecast for each 

future horizon (thus if the EIA’s projection for 2015 is say 95 million bpd tuning to match that) and then 

switching to the “IMO basis” for marine fuels.   The further out into the future, the more switching to 

the IMO basis raises projected global oil demand and the proportion within that of residual / IFO fuels 

on the basis of no change in marine fuels quality.  So the basis to be used must be selected, either IEA or 

IMO.  

In addition, while the MARPOL AnnexVI rules are clear, they leave open major uncertainty on (a) the 

timing of required conversion of the global standard to 0.5% sulfur and (b) the extent to which 

compliance may be achieved by either modifying fuels – to 0.1% for ECA fuel and 0.5% for non-ECA 

areas, in both cases meaning conversion to marine distillates – and/or by employing on-board 

scrubbing.  The latter would allow certainly non-ECA fuels to stay at their current standards.    

For the purposes of this study for the DOE, EnSys used the following assumptions regarding marine 

fuels: 

 Marine fuels demand outlook is on the “IEA” basis.  Although the “IMO” basis is arguably the 

more correct, EnSys wished to steer clear of entering into a potential debate around marine 

fuels and total global demand targets that would be inconsistent with EIA’s projections 

 Regarding quality / fuel mix:  

o All ECA fuels standards met by fuel use at the 0.1% sulfur standard 

o By 2015, USA/Canada ECA’s in operation, in addition to the 2 northern European ECA’s 

o By 2020, other additional ECA’s in operation but global 0.5% sulfur standard deferred 

until after 2020 

o By 2025 through 2030, there is progressive increase in the proportion of IFO shifted to 

marine distillate but this is not total, reflecting that compliance is partly through fuel 

conversion, partly through scrubbing. 

This quality outlook contains significant uncertainty but, EnSys believes, represents a “middle of the 

road” projection that avoids either of the potential extremes of total scrubbing or total IFO conversion 

to marine distillate.  

 

2.3.5 EPA Low Demand Outlook  
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A second “Low Demand” outlook was also applied to assess the impacts of a US petroleum outlook 

entailing much reduced consumption of transport fuels. This was based on a February/March 2010 

study by the EPA6 which involved the examination of “more aggressive fuel economy standards and 

policies to address vehicle miles traveled”.  Projections were used from the EPA’s Scenario A, leading to 

reductions in US consumption versus the AEO 2010 outlook starting post 2015 and reaching 1.2 mbd by 

2020 and 4.0 mbd by 2030.  The US demand reductions are detailed in Table 2-3 while Table 2-4 

summarizes key details of both the AEO and Low Demand outlooks.   

The AEO and Low Demand outlooks for US demand are compared in Figures 2-7 and 2-8.  As can be 

seen, the impact is predominantly on transport fuels led by a 2.8 mbd reduction in gasoline 

consumption.   Under the AEO outlook, US petroleum demand continues to slowly increase, although 

associated growth in supply of biofuels under the RFS-2 mandate means projected ex-refinery demand 

for products is essentially flat.   Under the Low Demand outlook, a marked reduction in US demand 

begins to take hold after 2015 and continues through 2030.   

Since WORLD comprises an integrated global approach, the impacts of the projected reduction in US 

demand on the global supply system were estimated using the Department of Energy’s ETP model as 

applied by Brookhaven National Laboratory.    US demand reduction was taken to cut world oil price 

which in turn led to small increases in oil demand in non-US regions.  The effects are summarized in 

Table 2-4.  The net global oil demand reduction in 2030 was 3.7 mbd.  On the supply side, ETP 

projections were for the reduction to be met primarily by cuts in OPEC crude production, notably from 

the Middle East; further that there would be small reductions in US, Canadian and other non-OPEC 

supplies, including those for biofuels.  As indicated in Table 2-4, total Canadian oil production was 

projected to be cut by 0.2 mbd by 2030, principally oil sands streams.    

 

Table 2-3 

                                                           
6
 EPA Analysis of the Transportation Sector, Greenhouse Gas and Oil Reduction Scenarios, February 10, 2010, last 

updated March 18, 2010, in response to September 2009 request from Senator Kerry.  

million bbl/d oil equivalent
2010 2015 2020 2025 2030

Gasoline 0.000 0.176 0.831 1.810 2.765

Distillate 0.000 0.001 0.120 0.223 0.460

Jet Fuel 0.000 0.095 0.190 0.380 0.760

Fuel oil 0.000 0.000 0.006 0.011 0.023

Other 0.000 0.000 0.005 0.009 0.018

Total 0.000 0.272 1.152 2.433 4.027

Total Liquids Demand Reductions
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Table 2-4 

 

2010 2020 2030 2010 2020 2030

World oil price $/bbl (1) 67.40$      98.14$      111.49$   67.40$      96.80$      107.00$   

Liquids demand

million bpd

USA (50 states) 19.2 20.6 21.5 19.2 19.4 17.5

Canada 2.3 2.4 2.5 2.3 2.4 2.6

other OECD (2) 24.8 25.7 25.8 24.8 25.7 25.9

China 8.5 12.4 15.8 8.5 12.4 15.8

other non-OECD 31.0 34.6 40.3 31.0 34.7 40.4

Global 85.9 95.6 105.9 85.9 94.5 102.2

85.9 95.6 105.9 85.9 94.5 102.1

Canada crude oil supply (3)

Conventional (4) 1.10 0.82 0.54 1.10 0.80 0.51

Oil Sands (5) 1.73 3.22 4.42 1.73 3.15 4.25

Total 2.83 4.04 4.96 2.83 3.95 4.76

Notes:

AEO Outlook (6) Low Demand Outlook (7)

Summary of AEO and Low Demand Projections

7. Basis EPA Analysis of the Transportation Sector, Greenhouse Gas and Oil Reduction Scenarios, February 10, 

2010, last updated March 18, 2010

4. Include both Western and Eastern Canada

1. World oil  price taken as price of US imported crude oil. Values are constant dollars $ 2008

2. Comprises: Mexico, Europe, Japan, South Korea, Australia, New Zealand

3. Projections to 2025 taken from CAPP 2010 Report Growth projection, 2030 estimates via extrapolation

5. Comprises blended / upgraded supply streams to market not raw production

6. Basis EIA Annual Energy Outlook 2010 Reference Case
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Figure 2-7 

Figure 2-8 
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3 WORLD Model Results 
 

Set out below is the full suite of results from WORLD 2030 cases showing the impacts of different 

pipeline scenarios on WCSB crude oil routings into Canadian refineries, US refineries by PADD and Asia; 

also total non-Canadian crude and product imports and total Middle Eastern crude imports.    

Figure 3-1 shows flows for 2009 as a point of reference.  Charts are then presented in pairs putting 

together results from corresponding scenarios under respectively AEO (reference) and Low Demand 

(EPA) outlooks. Figures 3-2 and 3-3 show the AEO and Low Demand 2030 results for the KXL scenario 

which was used as a central or reference scenario.   Circles and arrows on the charts, plus associated 

comments, highlight significant changes versus the KXL AEO outlook case.    

 

 

 

 

Figure 3-1 
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Figure 3-2 

 

 

Figure 3-3 
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The AEO versus Low Demand KXL results highlight that there is some redistribution of WCSB oil sands 

streams between PADD2 and PADD3 between the two demand outlooks but that total WCSB oil sands 

imports into the USA remain almost unchanged.   Under Low Demand, WCSB oil sands intake into 

PADD2 is lower, because of the reduced demand in the region.   PADD3 refineries process more WCSB 

oil sands under Low Demand.  Product demand in PADD3 is also reduced, as it is across the whole of the 

USA, but – with no change in line capacity to take WCSB crudes to Asia – essentially the volumes PADD2 

can no longer economically handle are processed in PADD3, backing out crudes from the Middle East 

and other non-Canadian sources.   

 

 

 

Figure 3-4 

Scenario:  Keystone XL + Gateway; Adding the Northern Gateway expansion increases exports to Asia by 
about 0.5 mbd at the expense of exports to U.S. PADD 3. Total US non oil sand crudes and product 
imports increase by close to 0.4 mbd. 
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Figure 3-5 

Scenario:  Low Demand Keystone XL + Gateway; Adding the Northern Gateway expansion increases 

exports to Asia by about 0.5 mbd at the expense of exports to U.S. PADD 3 relative to the Low Demand 

KXL scenario. Total US non oil sand crudes and product imports increase by 0.4 mbd.  The impacts in 

terms of import/export changes are the same as in the AEO demand scenarios. 
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Figure 3-6 

Scenario: Keystone XL + No TMX Exp; Asian exports do not increase above today’s limited levels.  Versus 

the KXL scenario, they are diverted primarily to U.S. PADD 3 by about 0.4 mbd. Middle East crude 

imports to U.S. decline. 
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Figure 3-7 

Scenario:  Low Demand Keystone XL No TMX Exp; Asian exports are diverted primarily to U.S. PADD 3 by 

about 0.4 mbd. Middle East crude imports to U.S. decline.  Results are the same as for the AEO demand 

scenario above. 
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Figure 3-8 

Scenario: No Keystone XL; Minimal impact relative to the KXL scenario, existing pipeline capacity 

expands to accommodate exports of oil sands to U.S. resulting in crude oil flows very similar to those 

under KXL.  
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Figure 3-9 

Scenario: Low Demand No Keystone XL; Minimal impact relative to the Low Demand KXL scenario, 

existing pipeline capacity expands to accommodate exports of oil sands to U.S. 
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Figure 3-10 

Scenario: No Keystone Hi Asia; Exports of oil sands crudes to Asia reach levels over 1 mbd at the expense 

of exports to U.S. PADD 3. Total petroleum and Middle Eastern crude imports to the U.S. increase.  

Preliminary WORLD cases showed that WCSB exports to Asia could go higher if pipeline capacity to the 

BC coast were available.  
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Figure 3-11 

Scenario: Low Demand No Keystone Hi Asia; Additional exports of oil sands crudes to Asia at the 

expense of exports to U.S. PADD 3. Total petroleum and Middle Eastern crude imports to the U.S. 

increase. 
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Figure 3-12 

Scenario: No Expansion; Oil sands production declines by 0.75 mbd, Canadian consumption and exports 

to PADD 2 increase to make maximum use of existing available pipeline capacities.  Canadian exports of 

oils sands to Asia and U.S. PADD 3 decline significantly.  Total petroleum and Middle Eastern Crude 

imports to the U.S. increase.  This is the only scenario where oil sands production declines significantly. 
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Figure 3-13 

Scenario: Low Demand No Expansion; Oil sands production declines by 0.95 mbd, Canadian 

consumption and exports to PADD 2 increase.  Canadian exports of oils sands to Asia and U.S. PADD 3 

decline significantly.  Total petroleum and Middle Eastern Crude imports to the U.S. increase.  This is the 

only low demand scenario where oil sands production declines significantly. 
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Figure 3-14 

Scenario: No Expansion +P2P3 + TMX; Relative to the full No Expansion scenario oil sands production 

increases 0.6 mbd.  As a result oil sands output is only cut slightly (by 0.17 mbd) versus the assumed full 

production level of 4.42 mbd.    Versus No Expansion, exports of oil sands are shifted from U.S. PADD 2 

and Canadian consumption to Asia and U.S. PADD 3, i.e. dispositions are closer to those obtaining under 

the KXL scenario.  Total non oil sand crudes imports drop slightly versus No Expansion and increase 

slightly versus KXL scenario. 
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Figure 3-15 

Scenario: No Expansion +P2P3 + TMX; Relative to the low demand No Expansion scenario oil sands 

production increases 0.9 mbd such that reduction versus projected full production is minor.   Versus No 

Expansion, exports of oil sands are shifted from U.S. PADD 2 to Asia and U.S. PADD 3.  Total non oil sand 

crudes imports decline appreciably versus No Expansion and increase slightly versus KXL. 

 

  

Low Demand 

No Exp Except PADD II/PADDIII and TMX Expansion 2030

4.07 Total Non-
Oil Sand Crude 
and Petroleum 
Imports

0.01

1.44

0.07

4.18 Oil Sands Production
0.8 Canadian Consumption

0.47

1.3

0.09

V IV

III

II
I

1.10 Middle East 
Crude Imports

Keystone XL N

WCSB to PADD2 Exp N

PADD2 to PADD3 Exp Y

TMX2 & TMX3 Exp Y

Northern Gateway N

Northern Leg N

Scenario:No Exp+P2P3+TMX
Canadian and U.S. Oil Pipelines

Low Demand Outlook 



EnSys Keystone XL Assessment - Final Report 
Appendix 

Dec 23rd 
2010 

 

37  

 

4 Estimated Life-Cycle Carbon Emissions 

 

The WORLD model does not contain endogenous lifecycle analysis (LCA) of GHG emissions.  Brookhaven 

National Laboratory (BNL) used the DOE version of the Energy Technology Perspective (ETP) model to 

evaluate the global changes in LCA GHG emissions for the Keystone XL analysis scenarios, following the 

methodology and lifecycle GHG assumptions used to evaluate the indirect impacts of GHG emission 

from changes in petroleum product consumption in the RFS2.7  The ETP was calibrated to replicate the 

WORLD model petroleum market results and then calculated the LCA GHG emissions for each scenario.  

The ETP model is a MARKAL-based model that was developed by the International Energy Agency and 

was modified and updated for DOE8,9.  It is a partial equilibrium model that incorporates a 

representation of the physical energy system and represents the flow of energy carriers through the 

energy infrastructure from the resource base through the various energy conversion technologies to the 

end-user.   

The DOE ETP model consists of fifteen world regions. These are broken out as: United States; Canada, 

Mexico; IEA Europe; Japan; South Korea; Australia/New Zealand; Central and South America; Eastern 

Europe; Former Soviet Union; Middle East; China; India; Other Developing Asia; and Africa.  The model 

runs through 2050 in five year increments, though only results through 2030 were displayed to remain 

consistent with the EnSys modeling. While all major energy sources are covered, including coal, oil, 

natural gas, nuclear power, and renewable energy, the purpose of this study was to isolate the impact of 

various petroleum market perturbations resulting from the analyzed scenarios on total worldwide 

transportation sector greenhouse gas emissions.  

THE DOE ETP model GHG emissions changes were determined using the LCA values consistent with 

EPA’s Renewable Fuel Standard Program (RFS2) Final Rule. Lifecycle GHG emissions for transportation 

fuels may be grouped into five general areas: material acquisition, raw material transport, liquid fuel 

production, product transport and vehicle operation.10 Changes in upstream emissions (comprising the 

first two categories listed above) were calculated across scenarios using the modeled feedstock 

production changes from ETP and emissions factors for various crude oils as established by EPA..  

 Because ETP aggregates countries into regions for modeling simplicity, emissions accounting for regions 

was estimated by taking the average LCA GHG emissions for crude oils produced in the countries in each 

region.  For example, upstream values for crudes produced from Africa were estimated by taking the 

                                                           
7
 Petroleum Indirect Impacts Analysis (February 1, 2010), EPA-HQ-OAR-2005-0161-3156 

8
 IEA, 2006. Energy Technology Perspectives 2006. Organisation for Economic Cooperation 

and Development (OECD)/IEA, Paris, France. 
9
 IEA, 2008. Energy Technology Perspectives 2008. OECD/IEA, Paris, France. 

10
 DOE/NETL, An Evaluation of the Extraction, Transport and Refining of Imported Crude Oils and the Impact on Life 

Cycle Greenhouse Gas Emissions, March 27, 2009, DOE/NETL-2009/1362 
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average of the values for Nigeria, Angola, and Algeria.  Table 4-1 shows the upstream GHG emission 

factors by region.  Given the focus of this study, Canadian oil sands were treated separately from the 

rest of their geographic region.  Downstream GHG emissions, including refining and combustion, were 

calculated endogenously. 

 

Note: While not technically upstream, the values above include 0.8 kg CO2e/million Btu for all feedstocks to reflect 

transportation of products not otherwise accounted for in the ETP model. 

Source: Personal Communication from EPA ”Crude Oil LCAs for ETP” dated 2 October 2009. 

Table 4-1 

Results may be seen in Figures 4-1 through 4-12. Overall transportation sector emissions in 2030 were 

projected to be 10,400 mtpa in the Low Demand scenario and 11,100 mtpa CO2e in the AEO Base Case.  

Only in the No Expansion scenarios were changes in the world GHG emissions greater than 20 mtpa 

(0.2%).  In the other scenarios, reductions in domestic GHG emissions were balanced by GHG increases 

in the rest of the world.  In particular, the No KXL vs KXL scenario shows changes at the limits of 

modeling precision.  

 

 

  

Upstream Oil Production Lifecycle GHG Emissions (kg CO2e / mmBtu LHV)
Crude oil Bitumen

Africa 16.5                   

Australia 6.0                      

Canada 5.7                      20.8         

China 9.9                      

Central and South America 7.0                      18.3         

Non-OECD Europe 6.2                      

Former Soviet Union 8.0                      

India 10.0                   

Japan 6.0                      

Middle East 6.5                      

Mexico 8.4                      

Other Developing Asia 10.0                   

South Korea -                     

United States 5.7                      

OECD-Europe 6.2                      
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Figure 4-1 

 

Figure 4-2 
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Figure 4-3 

 

Figure 4-4 
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Figure 4-5 

 

Figure 4-6 
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Figure 4-7 

 

Figure 4-8 
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Figure 4-9 

 

Figure 4-10 
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Figure 4-11 

 

Figure 4-12 
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Figure 4-13 
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Products from WCSB Oil Sands Crudes Compared with Reference 
Crudes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This report was prepared by ICF International under contract to Cardno ENTRIX, the U.S. Department of 
State’s third-party environmental contractor for the Keystone XL Project environmental review.  Neither 
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usefulness of any information, apparatus, product, or process disclosed, or represents that its use would 
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views and opinions o f a uthors e xpressed he rein do not ne cessarily s tate or  reflect t hose o f t he U nited 
States Government or any agency thereof. 
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Appendix Text 
Life-Cycle Greenhouse Gas Emissions of Petroleum Products from WCSB Oil Sands Crudes  

Compared with Reference Crudes 
 
1.0 OBJECTIVE 
 
This appendix accompanies the text in section 3.14 of the EIS, and examines differences between the life-
cycle greenhouse gas (GHG) emissions associated with Western Canadian Sedimentary Basin (WCSB) 
oil sands-derived crudes compared with reference crudes refined in the United States.  The ultimate goal 
of this effort is to provide context for understanding the potential indirect, cumulative GHG impact of the 
proposed Keystone XL pipeline (hereafter referred to as proposed Project).  Rather than conducting new 
modeling or analysis, this study consists of a review of existing life-cycle studies (including several meta-
analyses) and models that estimated the GHG implications for WCSB oil sands-derived and reference 
crudes to (a) identify and evaluate key factors driving the differences and range, and (b) explain the range 
of life-cycle GHG emission values.  
 
This appendix offers a conceptual framework for understanding the carbon and energy flows within 
petroleum system in section 2.0.  Section 3.0 describes the approach we followed, including the scope of 
the review of the life-cycle studies.  The results section (section 4.0) then discusses the key factors driving 
the comparisons between WCSB crudes and reference crudes and examines the differences between the 
study results across various scenarios.  Section 5.0 concludes by synthesizing key findings and providing 
a brief discussion on future trends.    

 
2.0 CONCEPTUAL FRAMEWORK 
 
A comparative life-cycle assessment (LCA) of fuels is 
driven by two accounting approaches: a carbon mass 
balance and an energy balance. Within each balance, 
it is helpful to distinguish between what can be 
considered “primary flows” and “secondary flows.” 
The primary carbon and energy flows are those 
associated with the production of three premium fuel 
products—gasoline, diesel, and kerosene/jet fuel—by 
refining crude oil. In addition to the premium fuels, 
other secondary co-products such as petroleum coke, 
liquefied petroleum gas (LPG), and sulfur are 
produced as well. Primary flows are generally well-
understood and included in LCAs. 
 
In addition to primary flows, there are a range of 
secondary energy flows and emissions to consider. 
Because these flows are outside of the primary 
operations associated with fuel production, they are 
often characterized differently across studies or 
excluded from LCAs, and estimates of specific 
process inputs and emission factors vary according to 
the underlying methods and data sources used in the 
assessment. 
 
See Figure 2-1 for a simplified petroleum system flow diagram. This framework is helpful for describing 
differences across life-cycle comparisons of fuel GHG emissions. Classifying the flows as primary and 

Acronyms used in this appendix 
API         American Petroleum Institute 
CCS        Carbon capture and storage 
CSS        Cyclic steam stimulation  
EIS          Environmental Impact Statement 
GHG       Greenhouse gas 
GOR       Gas‐oil ratio 
HHV       Higher heating value 
ISO         International Organization for Standardization 
LCA        Life‐cycle assessment 
LCFS       California’s Low Carbon Fuel Standard 
LHV        Lower heating value 
LPG        Liquefied petroleum gas 
NETL      National Energy Technology Laboratory 
PADD     Petroleum Administration for Defense Districts 
RBOB    Reformulated blendstock for oxygenate blending 
RFS2      EPA Renewable Fuel Standard 
SAGD    Steam‐assisted gravity drainage  
SCO       Synthetic crude oil 
SOR       Steam‐oil ratio 
TTW      Tank‐to‐wheels 
WCSB   Western Canadian Sedimentary Basin 
WTR      Well‐to‐refinery gate 
WTT      Well‐to‐tank 
WTW    Well‐to‐wheels 
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secondary according to the objective of producing premium fuel products from crude helps to understand 
why certain flows and sources of emissions may be excluded due to a lack of data or methods to estimate 
secondary flows, where processes are defined relatively consistently, and where different methods are 
used for treating LCA issues, such as co-products. This helps formulate conclusions about the key drivers 
that influence fuel life-cycle comparisons. 
 
Figure 2-1: Simplified petroleum system carbon and energy flow 
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2.1 Carbon Mass Balance 
 
In the case of the carbon mass balance, it is helpful to consider the differences between the primary 
carbon flows and the secondary carbon flows. Primary carbon flows characterize most of the carbon in 
the system and start as crude in the ground. The crude is processed into premium fuel products such as 
gasoline, diesel, and kerosene/jet fuel, which are combusted and converted to CO2. These carbon flows 
drive the economics and engineering of the oil business and they are well-understood and well-
characterized.  Secondary carbon flows exist outside of the primary “crude-premium fuel products-
combustion” flow. Examples of secondary carbon flows associated with petroleum products include the 
production and use of petroleum coke; non-energy uses of petroleum, such as lubricating oils, 
petrochemicals, and asphalt; and changes in biological or soil carbon stocks as a result of land-use 
change. Among LCA studies, the life-cycle boundaries vary considerably in terms of whether and how 
they cover secondary carbon flows.  Because much of this secondary carbon is peripheral to the 
transportation fuels business (e.g., petroleum coke is often regarded as an unwanted co-product), studies 
use different approaches for evaluating these flows, and in some cases, the available information may be 
less complete compared to the primary “crude-premium fuel products-combustion” part of the system. 
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Note that lube oils and petrochemical feedstocks are considered peripheral to the primary fuel products 
that are combusted for energy. 
 

2.2 Energy Balance 
 
The energy balance consists of primary flows of premium fuel product-related energy and secondary 
flows of imported and exported energy. Most of the energy in the system is involved in extracting, 
upgrading, refining, transporting, and combusting the crude and premium fuel products, and most of the 
energy consumed comes from the crude. The vast majority of the energy exits the system when the 
premium fuel products are combusted. Similar to primary carbon flows, primary energy flows are well-
understood and well-characterized.  The secondary, imported energy comes from sources other than crude 
such as purchased electricity or natural gas and includes energy required to build capital equipment and 
infrastructure. The secondary, exported energy comes from crude but is not retained in the premium fuel 
product. For example, co-generation used for in situ crude extraction methods generates electricity, which 
is exported to the grid; or petroleum coke can be burned in lieu of coal to generate steam and/or 
electricity. The GHG emissions associated with imported and exported energy are highly sensitive to 
assumptions about the fuels involved. 

 
3.0 APPROACH 
 
The general approach for this study included the following steps, which are described in more detail 
below: 

1. Establish the scope for the review;   
2. Identify the studies for review; 
3. Develop a set of critical elements to review in each study 
4. Review the studies and refine the critical elements; 
5. Evaluate the elements across studies to identify the key drivers of the differences in GHG 

intensity; and 
6. Summarize the key drivers and place the GHG emission results in context. 

 
3.1 Establish the scope for the review 

 
The scope of the boundaries considered for this analysis include well-to-wheels (WTW) emissions 
resulting from extraction and processing of the crude from the reservoir, refining of the crude, combustion 
of the refined products, and transportation between the life stages.  This study also examines results for 
individual stages and portions of the life-cycle for oil sands-derived crudes and reference crudes where 
values were reported.  Not all studies in this review include a full WTW life-cycle assessment; several 
studies focus on the well-to-tank (WTT) portion of the life-cycle, while others consider only the crude 
production emissions.  WTT analyses include the emissions associated with the processes up to, but not 
including, combustion of the refined products.  This study looks at the GHG implications for the three 
premium fuel products (i.e., gasoline, diesel, and jet fuel) as well as co-products derived from the 
different types and sources of crude oil.   
 
In order to understand the differences not only between WCSB oil sands-derived crudes and reference 
crudes, but also between different types of WCSB oil sands crudes and technologies, this study included 
the following types of crudes derived from WCSB oil sands:1   

                                                            
1 In situ crude extraction methods of steam-assisted gravity drainage (SAGD) and cyclic steam stimulation (CSS) 
are more energy intensive than mining and involve drilling and injecting steam into the wellbore to recover deeper 
deposits of oil sands than those present on the surface (IHS CERA 2010).   
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● Canada oil sands cyclic steam stimulation (CSS) bitumen, synthetic crude oil (SCO),2 dilbit,3 and 
synbit4 

● Canada oil sands steam-assisted gravity drainage (SAGD) SCO, bitumen, dilbit, and synbit 
● Canada oil sands mining SCO, bitumen, dilbit, and synbit 

Section 4.2.1.1 describes the different extraction methods in detail. 
 
Four reference crudes were selected to reflect a range of crude oil sources and GHG intensities and 
include: 

 The average U.S. barrel consumed in 2005 (from NETL 2008). This reference was selected 
because it provides a baseline for fuels produced from the average crude consumed in the United 
States.  It also serves as the baseline in the U.S. Renewable Fuel Standard Program, RFS2 (EPA 
2010).  

 Venezuela Bachaquero and Mexico Maya, which are representative of heavy crudes currently 
refined in PADD III refineries.5  Conceptually, these crudes may be displaced by the arrival of 
WCSB oil sands at the Gulf Coast refineries, although it is likely that they would find markets 
elsewhere and would still be produced. 

 Saudi Light (i.e., Middle East Sour), which was taken to be the balancing grade for world crude 
oil supplies in the Keystone XL Assessment. Conceptually, this is the crude that is most likely to 
be “backed out” of the world market if additional supply of WCSB oil-sands crudes are produced, 
as indicated in the DOE/EnSys report in the accompanying appendix.    

 
3.2 Identify the studies for review 

 
Several studies provide assessments of the life-cycle GHG implications of WCSB oil sands crude relative 
to reference crudes.  DOS, in conjunction with EPA, DOE, and CEQ, selected studies for review on the 
following basis:  

 The reports evaluate WCSB crude oils in comparison to crude oils from other sources; 
 The reports focus on GHG impacts throughout the crude oil life-cycle; 
 The reports were published within the last 10 years, and most were published within the last five 

years; 
 The reports represent the perspectives of various stakeholders, including industry, governmental 

organizations, and non-governmental organizations; and 
 The reports originate from research bodies within the United States, Canada, and other 

international locations.   
 

Table 3-1 provides a list of primary and additional sources identified and reviewed for this analysis, 
which include seven LCAs, two partial LCAs, four meta-analyses (synthesizing results from other LCAs), 
two models, and one white paper. 
 
 
 
 
 
                                                            
2 SCO is a product of upgrading bitumen.   
3 Dilbit is diluted bitumen, a mix of bitumen and condensate.  Diluting the bitumen reduces the viscosity so that it 
can flow through a pipeline. 
4 Synbit refers to a SCO and bitumen blend. 
5 Petroleum Administration for Defense Districts (PADDs) are geographic areas of the United States that were 
delineated in World War II to coordinate the allocation of fuels. PADD III refineries are those located in the Gulf 
Coast area, namely Alabama, Arkansas, Louisiana, Mississippi, New Mexico, and Texas (EIA 2011). 
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Table 3-1: Primary and additional studies evaluated 

Primary Studies Analyzed  Type  Boundaries 

NETL.  2008.  Development of Baseline Data and Analysis of Life Cycle Greenhouse Gas 
Emissions of Petroleum-Based Fuels. 

Individual LCA WTW 

NETL. 2009.  An Evaluation of the Extraction, Transport and Refining of Imported Crude Oils 
and the Impact of Life Cycle Greenhouse Gas Emissions. 

Individual LCA  WTW 

IEA.  2010.  World Energy Outlook. Meta-analysis  WTW 
IHS CERA.  2010.  Oil Sands, Greenhouse Gases, and U.S. Oil Supply: Getting the Numbers 
Right. 

Meta-analysis  WTW 

NRDC.  2010.  GHG Emission Factors for High Carbon Intensity Crude Oils, ver. 2. Meta-analysis  WTW 
Energy-Redefined LLC for ICCT.  2010.  Carbon Intensity of Crude Oil in Europe Crude. Individual LCA  WTT6 
Jacobs Consultancy.  2009.  Life Cycle Assessment Comparison of North American and 
Imported Crudes.  

Individual LCA WTW 

TIAX LLC.  2009.  Comparison of North American and Imported Crude Oil Lifecycle GHG 
Emissions. 

Individual LCA WTW 

Charpentier, et al.  2009.  Understanding the Canadian Oil Sands Industry’s Greenhouse Gas 
Emissions.  

Meta-analysis WTW 

Additional Studies/Models Analyzed    
RAND Corporation.  2008.  Unconventional Fossil-Based Fuels: Economic and Environmental 
Trade-Offs.  

Individual LCA  WTW 

Pembina.  2005.  Oil Sands Fever: The Environmental Implications of Canada’s Oil Sands 
Rush. 

Partial LCA WTR7 

Pembina.  2006.  Carbon Neutral 2020: A Leadership Opportunity in Canada’s Oil Sands.  Oil 
sands issue paper 2.  

Partial LCA WTR7 

McCann and Associates.  2001.  Typical Heavy Crude and Bitumen Derivative Greenhouse 
Gas Life Cycles.    

Individual LCA WTW 

GHGenius. 2010. GHGenius Model, Version 3.19. Natural Resources Canada. Model WTW 
GREET.  2010. Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation 
Model, Version 1.8d.1. Argonne National Laboratory.  

Model WTW 

Pembina. 2011. Life cycle assessments of oil sands greenhouse gas emissions: A checklist for 
robust analysis.  

White Paper NA 

 
3.3 Develop a set of critical elements to review in each study   

 
We developed an initial set of approximately 50 attributes for review, guided by specifications on scope, 
data quality requirements, and appropriateness of comparisons from the ISO standards (14040:2006, 
14044:2006) as well as an engineering understanding of crude oil life-cycle processes.   These attributes 
are listed in Table 3-2.  For each study and crude and fuel type specified, these elements included 
specifics on each stage of the life-cycle (e.g., whether the element was included in the study, and if so, the 
value, units, and data sources), boundary elements included/excluded, technology assumptions, 
equivalencies assumptions, information on the allocation approach and treatment of emissions associated 
with co-products, and elements to assess data quality and the appropriateness of comparisons.  We also 
gathered general study information (e.g., study purpose, reference year, overarching assumptions).   
 
 

                                                            
6 Excluding distribution. 
7 Up to oil sands facility gate, excluding transportation to refinery and refining. 
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Table 3-2: Attributes evaluated for each study 

General LCA Boundaries Co-products 
Purpose Upstream production of fuels Allocation approach 

Reference year or years Flaring/venting Production of electricity from 
cogen 

Scope of LCA boundaries Fugitive leaks Petroleum coke 
Geographic scope Methane emissions from mine face Light products (propane, butane) 

Functional unit Methane emissions from tailing 
ponds 

Data Quality Assessment 

Method Mining/extraction Citation of ISO or other LCA 
standards 

Technology Assumptions Local land use change Peer review 
Extraction method Indirect land use change Completeness  

Lift methods Transport to upgrading Representativeness 
Refinery Upgrading technology Consistency  

Steam/oil ratio Transport to refinery Critical data gaps 
Other Refining Reproducibility 

Equivalencies and Conversions Distribution to retail Age of data 
Global Warming Potential (GWP) 

coefficients 
Storage Sources of data 

HHV or LHV Combustion General Assessment 
API gravity Inclusion of infrastructure or capital 

equipment 
Appropriateness of comparison 

  Overall assessment 
 

3.4 Review the studies and refine the critical elements 
 
We reviewed each of the primary studies in depth, with particular attention to the critical elements.  
Secondary studies were analyzed in less depth.  We recorded data, assumptions, or other information 
related to the critical elements, allowing for easier comparison of criteria across the studies.  
 
After the initial review of the studies against the main criteria, a survey of the data and information 
collected made it possible to identify those elements that were missing from the initial review or 
warranted additional attention. For example, the initial review suggested that the treatment of petroleum 
coke may have a large impact on GHG emissions differences between fuels and studies. Over several 
iterations, the compiled data and information were analyzed, the criteria were modified to more 
thoroughly meet the objectives of the analysis, and the studies were reviewed against the enhanced 
criteria. As preliminary comparisons of the LCA boundaries, study design factors, and input and 
modeling assumptions were conducted across the studies, key drivers of the results became more 
apparent, leading to the next step in the analysis. 
 

3.5 Evaluate the elements across studies to identify the key drivers of the differences in 
GHG intensity   

 
Once each study had been reviewed against the refined review criteria, it was possible to compile the 
relevant emissions estimates, data, and other information to identify the key drivers of the emissions 
differentials. The key drivers were evaluated across a number of study design factors and assumptions, 
including, but not limited to, LCA boundaries, time period, allocation methods, crude and fuel types, and 
choice of functional unit. We compared the results across studies where similar design factors and 
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assumptions enabled comparisons to be made between studies. A discussion of the key drivers and the 
impact they have on the emissions estimates is included in the Results section 4.4, below.  
 

3.6 Summarize the key drivers and place the GHG emission results in context  
 
The GHG emission results from NETL (2008; 2009) were used to evaluate and compare the key drivers 
and GHG results against the other studies included in the assessment. NETL’s estimates cover a range of 
the world crude oils consumed in the United States, including the WCSB oil sands as well as the “average 
crude” consumed in the United States in 2005.8  Because the NETL-developed emission factors were 
selected to be a key input to the DOE/EnSys analysis (2010) and to EPA’s renewable fuel regulations, 
they serve as an important reference case for evaluating life-cycle emissions for different crude sources.  
 
The key findings from this assessment include a summary of the key drivers and the relative impact that 
these drivers could have on comparisons of life-cycle GHG emissions between WCSB oil sands crudes 
and reference crudes.  As discussed later, we also address differences across the studies, and—where data 
were available within the studies—the relative impact that these differences had on the life-cycle results. 
 
4.0 RESULTS AND DISCUSSION 
 
This section contains our assessment of the studies comparing life-cycle GHG emissions from WCSB oil 
sands crudes to reference crudes. The section is organized to characterize the key factors across the 
studies and then to evaluate their impact on the final results. By organizing it in this way, we highlight 
conclusions that are robust across all of the studies, and identify areas where the studies differ. 
 
Our discussion starts by introducing the key factors that drive the differences in the life-cycle GHG 
emission estimates of the studies. The factors belong to two separate groups: (i) study design factors that 
relate to how the comparison of GHG emissions is structured by each study, and (ii) input and modeling 
assumptions that are used to calculate the GHG emission results. Study design factors are explained in 
section 4.1, and input and modeling assumptions are explained in section 4.2. 
 
Then, we discuss data quality and transparency issues across the studies in section 4.3.  This is followed 
by our analysis of the impact of the key factors on the life-cycle GHG emissions of WCSB oil sands 
crudes compared to reference crudes. In section 4.4 we use the NETL (2008; 2009) studies as a basis to 
evaluate and compare the key study design factors and input and modeling assumptions against the other 
studies. This section provides information on the relative magnitude of impact of each factor, and how 
each factor contributes to the GHG-intensity of WCSB oil sands crudes relative to reference crudes. 
 
Finally, section 4.4.3 provides two figures that summarize the relative change in WTW and WTT GHG 
emissions for gasoline produced from WCSB oil sands crudes relative to each of the four reference crudes 
in the scope of this assessment.  
 

4.1 Study Design Factors 
 
Study design factors relate to how the GHG comparison is structured within each study. These factors 
include the types of crudes and refined products that are compared to each other, the timeframe over 
which the results of the study are applicable, the life-cycle boundaries established to make the 
comparison, and the functional units or the basis used for comparing the life-cycle GHGs for crudes or 
fuels to each other. 
 
                                                            
8 This 2005 average serves as the baseline in the U.S. Renewable Fuel Standard Program (EPA 2010). 
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4.1.1 Crude and fuel types 
 
The crudes used in LCAs are representative of a crude oil produced from a particular country or region. 
Most LCAs refer to reference crudes in terms of their country of origin (e.g., Mexico) and the name of the 
crude (e.g., Maya). The crude’s name is meant to indicate a crude oil with specific properties.  
 
The petroleum properties most-commonly used to differentiate between crudes are the fuel’s American 
Petroleum Institute (API) gravity, sulfur content, and—less frequently—hydrogen-carbon (H-C) ratio. 
The API gravity indicates how heavy or light a petroleum liquid is as compared to water;9 a lighter liquid 
has a higher API gravity. Depending on their weight, crudes are often referred to as light (high API 
gravity), medium (medium API gravity), and heavy (low API gravity). Generally, crudes with a low API 
gravity require more energy to refine into premium fuel products such as gasoline, diesel, and jet fuel. 
Crudes with a low sulfur content are referred to as “sweet”, while those with a high sulfur content are 
referred to as “sour”; the more sour the crude, the greater the energy input required to remove the sulfur. 
Finally, the H-C ratio is an indicator of the cross-linkage of the hydrocarbon chains that the crude is 
composed of. Crudes with a lower H-C ratio (i.e., more carbon atoms for each hydrogen atom) will 
require more energy inputs to refine into premium fuel products. 
 
The relative difference in WTW emissions between two crudes varies greatly depending on the properties 
of the crudes being compared.  For example, fuels refined from WCSB oil sands crudes will generally 
have higher life-cycle GHG emissions than fuels from crudes with a higher API, low sulfur content, and 
higher H-C ratio. The relative difference will be much narrower if the same oil sands crude is compared 
to a crude with a low API, high sulfur content, and low H-C ratio. 
 
As a result, the properties of the “reference”, or comparison, crudes against which WCSB oil sands are 
evaluated are very important drivers behind the final result. LCAs that compare WCSB oil sands to 
heavier reference crudes will yield a narrow range in life-cycle GHG emissions between the two crudes, 
while analyses that select lighter reference crudes will show a wider range in GHG emissions. Table 4-1 
shows the difference in Venezuelan reference crude fuel properties across three studies as an example. 
TIAX (2009) selected a lighter Bachaquero heavy crude than Jacobs (2009); NETL (2009) did not 
provide specific properties, but evaluated two different Venezuelan blends—a conventional blend that 
excluded heavy oil extraction and upgrading, and a heavy Venezuelan bitumen. 
 
 
 
 
 
 
 
 
 
 
 
 

                                                            
9 The API gravity of water is 10. Crude oils or products with API gravity less than 10 are heavier than water (sink in 
water). Oils with gravities greater than 10 float on water. Heavier crude oils have more residuum (i.e., asphaltic) 
content and less naphtha (i.e., gasoline) and distillate content. Lighter crude oils have more naphtha and distillate 
content and less residuum content. 
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Table 4-1: Differences in reference crudes addressed in LCA studies, as illustrated by variations in properties 
of Venezuelan crudes 
Study Crude Properties Notes 

TIAX Venezuela Lake 
Maracaibo 
Heavy Crude 

API 17, 2.4% wt 
sulfur 

TIAX selected Bachaquero 17 produced from Venezuela’s Lake 
Maracaibo field as the representative crude oil from Venezuela. 
The predominant recovery method is thermal recovery with 
cyclic steam stimulation (CSS) and sucker rod pumping.  (p. 12) 

Jacobs Bachaquero - 
Conventional 

10.7 API, 2.8% wt 
sulfur refined into 
Reformulated 
gasoline (RBOB) 

Jacobs selected “the heaviest [Bachaquero] blends" (p. 6) as the 
Venezuela reference crude, although several Bachaquero blends 
are sold, with APIs at 14 and 17 (p. 30). 

NETL Venezuelan 
bitumen 

API of 7 to 10 “While Canada and Venezuela bitumen have similar API 
gravity (7 to 10 degrees), Venezuela’s bitumen has a lower 
viscosity and a greater reservoir temperature than Canada’s.” 
(NETL 2009, p. 6) 

  Venezuelan 
conventional 

Not specified “Heavy oil extraction and upgrading is a growing piece of 
Venezuelan oil production. However, due to limited availability 
of information, the extraction emissions profile used does not 
incorporate such activities.” (NETL 2008, p. 125) 

 
Although the comparisons within each study are internally consistent, the variation in the properties of the 
reference crudes results in an “apples to oranges” comparison across the different studies. It must be 
noted that API gravity is not a good measure in comparing synthetic crude oil (SCO) and diluted bitumen 
(dilbit) because the former is a “heart cut” product with very little light hydrocarbons and no residuum, 
while the latter is a “dumbbell” blend of light hydrocarbons (gas condensate) and bitumen (heavier 
hydrocarbons). SCO, dilbit and a full range conventional crude oil may have nearly the same API gravity, 
but very different energy or GHG intensities to produce a barrel of premium fuel products. 
 

4.1.2 Time period 
 
The time period over which GHG estimates of WCSB oil sands and reference crudes are valid is a critical 
design factor. Most studies focused on present conditions or years for which data were available, as 
shown in Table 4-2. Since the life-cycle emissions of both WCSB oil sands crudes and reference crudes 
will change over the design lifetime of the proposed Project, comparisons based on current data will not 
account for future changes that could alter the differential between oil sands and reference crudes. 
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Table 4-2: Reference years for LCA studies 
Study Reference year(s) 
NETL, 2008 2005 
NETL, 2009 2005 
IEA, 2010 2005-20091 
IHS CERA, 2010 ~2005-20302

NRDC, 2010 2006-20103

ICCT, 2010 2009 
Jacobs Consultancy, 2009 2000s 
TIAX, 2009 2007-20094

Charpentier, et al., 2009 1999-20083

GHGenius, 2010 Current5

GREET, 2010 Current6

RAND, 2008 2000s 
Pembina Institute, 2005 2000, 2004 
Pembina Institute, 2006 2002-20057

McCann and Associates, 2001 2007 
1 Reference year reflects the publication dates of the report's main data sources. 
2 "Over the past five years the GHG intensity of US oil sands imports has been steady, and is expected to remain steady or decrease somewhat 
over the next 20 years" (p. 8-9). 
3 Based on the dates of the reports compiled, the results from each report are likely based on data several years older than the publication date of 
the report. 
4 "Oil sands data are chosen to be as close to current as possible." p. 24. 
5 GHGenius contains data representative of current operations, but the model can run projections out to 2050. 
6 GREET contains data representative of current operations and was last updated in 2010. 
7 Data from studies published from 2002 to 2005 (p. 11). 
 
Most studies contained data from the mid-to-late 2000s, with one study with a reference year in the 1990s 
and two sources with reference years as current as 2010. Although IHS CERA noted that the GHG 
intensity of “U.S. oil sands imports […] is expected to remain steady or decrease somewhat over the next 
20 years”, the study did not model future emissions in detail, nor did it comment on changes in the GHG 
intensity of other reference crudes (2010, p. 8-9). GHGenius (2010) uses data representative of current 
WCSB oil sands operations although the model can run projections out to 2050. 
 
Many factors will affect the life-cycle GHG emissions of both WCSB oil sands and reference crudes over 
time. First, GHG emissions from extraction will increase in the future for most reference crudes as it will 
take more energy to extract crude from increasingly depleted oil fields and to explore for further 
resources. In comparison, all WCSB oil sands are near the surface. This means that, for surface-mined 
bitumen, energy requirements are likely to stay relatively constant. At the same time, in situ extraction—
which is generally more energy- and GHG-intensive than mining—will  represent a larger share of oil 
sands production in the future. Some analysts also predict that technical innovation will likely continue to 
reduce the GHG-intensity of SAGD operations (IHS CERA 2010).  
 
Technologies for combusting or gasifying petroleum coke may also become more prevalent in WCSB oil 
sands operations, which could increase GHG emissions. For example, OPTI/Nexen’s Long Lake Phase 1 
integrated oil sands project began operation in January 2009 and gasifies heavy ends produced at the 
upgrader (Nexen 2011).  
 
On the other hand, over the longer term, carbon capture and storage (CCS) technologies could reduce the 
GHG footprint of WCSB oil sands crudes. The timeframe for adoption of CCS at oil sands facilities is on 
the order of 15 to 20 years, but the timeframe – and whether CCS will ultimately be adopted – remains 
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highly uncertain (Alberta Carbon Capture and Storage Development Council 2009, p. 12). Because 
WCSB oil sands are located in an area generally not suitable for underground storage, underground 
storage of CO2 captured at oil sands facilities would require pipeline infrastructure to transport the CO2 to 
suitable underground storage locations (Bachu et al. 2000, pp. 74-76). Finally, CCS could also be 
applicable to concentrated streams of CO2 released from reference crude production facilities, which 
would also lower the GHG emissions profile of reference crudes to the extent that CCS is applied at these 
facilities on a commercial scale.  
 
The gap is more likely to narrow than widen between the GHG emissions for WCSB oil sands production 
relative to other reference crudes. The gap in WTT GHG emissions between WCSB oil sands and 
reference crudes will narrow as reference crude production becomes more energy intensive, and as the 
energy intensity of oil sands in situ production becomes more efficient. On the other hand, there is 
considerable uncertainty regarding the extent to which coke combustion could increase, and the rate of 
adoption of CCS and development of CO2 pipeline infrastructure. 
 

4.1.3 LCA boundaries 
 
The boundaries of a given LCA describe which sources of GHG emissions are included in the scope of 
the study and which are excluded. The following are three common LCA boundaries used in the studies 
we reviewed: 

 Well-to-refinery gate (WTR) 
 Well-to-tank (WTT) = WTR + Refinery-to-tank (RTT) 
 Well-to-wheels (WTW) = WTR + RTT + TTW 

 
WTR studies generally include emissions from upstream production of fuels, mining/extraction, 
upgrading, and transport to refinery. WTT studies generally include emissions the stages contained in 
WTR studies, plus refining and distribution. WTW include all of the stages typically addressed in WTT 
studies plus emissions from the combustion of fuels.  
 
Figure 4-1, drawn from the IHS CERA (2010) report, shows the emissions sources typically included in 
both WTT and WTW boundaries and the relative differences between the WTT emissions from U.S. 
average crudes and energy-intensive crudes. Regardless of the WTT emissions, final product combustion 
generally makes up approximately 70 to 80 percent of the WTW emissions and is the same regardless of 
the crude source. 
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Figure 4-1: Relative magnitude of WTT (i.e., well-to-pump), TTW (i.e., final product combustion), and WTW 
emissions for U.S. average crudes and energy-intensive crudes (IHS CERA 2010) 

 
 
Table 3-1, located in the Approach section 3.2 above, provides the LCA boundaries for each of the studies 
that were included in the scope of this assessment. While most studies fall into one of the three categories 
(i.e., WTR, WTT, or WTW), some studies exclude certain stages. For example, ICCT (2010) included 
WTT emissions but excluded emissions from the distribution of finished products to the market. We 
noted these important LCA stage differences across the studies to ensure that comparisons were made 
across results with the same boundaries. 
 
Within each of the life-cycle stages discussed above, specific flows of carbon and GHG emissions are 
excluded or handled differently across the studies. These flows include the following: 
 

 Upstream energy use and GHG emissions from producing imported fuels and electricity that are 
purchased from off-site and brought on-site for process heat and power; 

 Fugitive methane emissions, emissions from flaring and venting, and—for oil sands operations—
methane emissions from the mine face and tailing ponds; 

 Releases and storage of carbon associated with land-use change; 
 Energy use and GHG emissions from the production of capital equipment and infrastructure; and 
 Inclusion of co-products (see the allocation, co-products, and offsets section 4.1.4 for details). 

 
These flows tend to be secondary energy and carbon flows that are not directly associated with the 
primary flows of energy and carbon associated with premium refined fuel products, as defined in the 
conceptual framework described in section 2.0 of this appendix. While primary flows are generally 
consistently included within the LCA boundaries of the studies, the treatment of secondary carbon flows 
is handled differently across the studies. 
 
An assessment of these flows across each of the studies – and the impact of these differences across 
studies on the comparability of results – is discussed in detail in section 4.4 below.  
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4.1.4 Allocation, co-products, and offsets 
 
Allocation is a method used by LCA practitioners to attribute a portion of the emissions burden to co-
products. Co-products are two or more products that are output from a process or product system. For 
example, in a refinery, gasoline, diesel, and jet fuel are all co-products. Other co-products produced from 
upgrading and refining crude oil can include: petroleum coke, liquefied petroleum gas (LPG), sulfur, and 
surplus cogenerated electricity. 
 
There are three different approaches for handling co-products in LCAs:  

1. All co-products can be included within the LCA boundary (also known as “system expansion”).  
2. It may be possible to split or separate a process into two or more sub-processes that each describe 

an individual product.  
3. When the goal of a study is to evaluate a specific co-product (for instance, gasoline independent 

of diesel, jet fuel, or other co-products), and it is not possible to expand or split the system, it is 
necessary to allocate a portion of GHG emissions to each co-product, exclude these other co-
products from the LCA system boundary, and only consider the GHG emissions associated with 
making and consuming the co-product of interest.  

ISO standards suggest avoiding allocation, when possible, through methods like system expansion and 
process division. When allocation cannot be avoided, ISO recommends allocating according to the 
underlying physical relationships between different products. 
 
Allocation of GHG emissions is not necessary in studies that evaluate WTW emissions per barrel of 
refined products because the LCA boundary includes all of the refined products (i.e., gasoline, diesel, jet 
fuel, as well as coke, LPG, and sulfur). In contrast, studies that evaluate WTW emissions for specific 
premium fuels such as gasoline, diesel, or jet fuel allocate a portion of the upstream GHGs to each fuel, 
typically on a fuel energy-content basis. Additionally, these studies may include the GHG burdens from 
producing co-products such as LPG and coke, to the premium fuel products (i.e., gasoline, diesel, or jet 
fuel), or they may allocate GHG emissions to these other co-products as well and exclude them from the 
system boundary.  
 
Comparisons made between the various studies must take into account how co-products are treated in 
each study. Although individual studies may be internally consistent in how they treat allocation and co-
products, the different approaches to accounting for co-products can have a significant impact on life-
cycle emissions, and can result in “apples to oranges” comparisons across the studies. 
 
Petroleum coke, LPG, sulfur, and excess electricity from cogeneration (if applicable) are co-products that 
are produced as a result of producing the premium fuel products of gasoline, diesel, and jet fuel. These 
co-products are necessary outputs in order to produce premium fuels and would not be produced in the 
same quantities on their own. As a result, several studies assign a credit for using these lower-value, or 
secondary, co-products to offset the production and use of other products or fuels. For example, TIAX 
(2009) included a credit for exported electricity in certain WCSB oil sands production scenarios, 
assuming that cogenerated electricity is sold to the grid, offsetting natural gas combustion in turbines.  
 
Applying offset, or substitution, credits for petroleum coke and exported electricity can have a large 
impact on WTW GHG emissions. These credits are discussed in more detail in sections 4.2.1.4 and 
4.2.3.1. Charpentier et al. 2009 noted that “emissions intensities can be significantly impacted by the 
allocation and crediting methods applied to co-products (e.g., coke, sulfur, cogenerated electricity 
surplus). There has been little attention to these issues in the literature, hence the lack of prior discussion 
in this paper. However, thorough treatment of these issues will be required in future studies." 
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4.1.5 Metrics 
 
Comparing results from different studies is further complicated by each study’s choice of functional unit. 
The functional unit is the basis for comparing GHG emissions across the different crudes and fuels in 
each study. While GHG emissions are consistently reported in units of carbon dioxide-equivalent,10 
emissions are expressed over a wide range of different functional units across the studies.  
 
The studies that evaluated WTT and WTW GHG emissions can be classified into two groups: (i) those 
that evaluated GHG emissions on the basis of a specific premium fuel product (e.g., gasoline independent 
of diesel or jet fuel), and (ii) those that evaluated GHG emissions per barrel of all refined products.11 The 
choice of functional unit affects how the final results are presented, and makes it challenging to compare 
across different functional units. For example, NETL used three separate functional units: GHG emissions 
per MJ of gasoline, per MJ of diesel, and per MJ of jet fuel. IHS CERA, in contrast, used GHG emissions 
per barrel of refined products. These functional units cannot be directly compared to one another, and 
converting the NETL results to a barrel of all refined products requires a careful review of the underlying 
allocation methods used to separate the gasoline, diesel, jet fuel, and other co-products. 
 
In addition to using different final product functional units, studies also express results in various units of 
measurement. For WTR studies, results were given in terms of volume (e.g., per barrel of bitumen, dilbit, 
or SCO) or energy (e.g., megajoule). For WTT and WTW studies, emissions were given in terms of 
volume, energy, or distance. Studies using a functional unit of volume provided emissions estimates 
either per barrel of refined products, or per barrel of a specific refined fuel (e.g., gasoline, diesel, or 
distillates). Studies using a functional unit of energy provided emissions estimates per MJ or Btu and both 
in terms of higher heating value (HHV) or lower heating value (LHV). Studies using a functional unit of 
distance provided emissions estimates per km burned in vehicle engine. This wide range of metrics has 
made comparisons across studies difficult in some instances, necessitating several unit conversions. 
 

4.2 Input and Modeling Assumptions 
 
The second set of factors driving the comparisons are input and modeling assumptions that are made at 
each life-cycle stage. Due to limited data availability and the complexity of and variation in the practices 
used to extract, process, refine, and transport crude oil, studies often use simplified assumptions to model 
GHG emissions.  
 
This sub-section summarizes the key input and modeling assumptions in three groups:  

1. Factors that affect WCSB oil sands-derived crudes,  
2. Factors that affect reference crudes, and 
3. Factors that affect both types of crudes. 

                                                            
10 As explained in the 2011 Draft U.S. GHG Inventory Report, “the IPCC developed the Global Warming Potential 
(GWP) concept to compare the ability of each greenhouse gas to trap heat in the atmosphere relative to another gas” 
(EPA 2011). In the U.S. GHG Inventory report, CO2 has a GWP of 1, while CH4 and N2O have GWPs of 21 and 
310, respectively. In this report and many others dealing with GHG emissions, the reference gas used is CO2, and 
therefore GWP-weighted emissions are measured in units of CO2 equivalent (CO2e). In the studies discussed in this 
appendix, CO2 is the predominant GHG emitted, so emissions in units of CO2e are often nearly equal to the quantity 
of CO2 emitted. 
11 IHS CERA (2010) expressed GHG emissions “in units of kilograms of carbon dioxide equivalent per barrel of 
refined product produced, (kgCO2e per barrel of refined products).” Refined products are defined by IHS CERA as 
“the yield of gasoline, diesel, distillate, and gas liquids from each crude.” The authors noted that petroleum coke is a 
co-product of creating the refined products, but did not consider the GHG emissions associated with its combustion. 
Similar to IHS CERA, IEA (2010) expressed GHG emissions per barrel of crude, “assuming the emission from end-
use are the same for each crude and equal to those of the combustion of an average crude”. 
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4.2.1 Factors that Affect Oil Sands-Derived Crudes 

 
Key input assumptions for WCSB oil sands-derived crudes include the type of extraction process (i.e., 
mining or in situ production); the steam-oil ratio assumed for in situ operations; the efficiency of steam 
generation, and thus its energy consumption; and—for SCO—the upgrading processes (i.e., pre-refining) 
modeled and whether estimated downstream refinery GHG emissions account for upgrading. 
 

4.2.1.1 Type of Extraction Process 
Two methods of extracting bitumen are currently used in the WCSB oil sands: mining and in situ. Oil 
sands deposits that are less than 75 meters below the surface can be removed using conventional strip-
mining methods and sent for processing. The bitumen is separated from the rock and fine tailings and 
either blended with diluents for efficient pipeline transport or sent to an upgrader where the bitumen is 
partially refined into SCO, a lower-viscosity crude oil with a lower sulfur content (IEA 2010, p. 149-150; 
Charpentier et al. 2009, p. 2). Mining accounts for roughly 48 percent of total bitumen capacity in the 
WCSB oil sands as of mid-2010 (IEA 2010, p. 152). 
 
Oil sands deposits that are deeper than 75 meters below the surface are recovered using in situ methods. 
Most in situ recovery methods currently in operation involve injecting steam into an oil sands reservoir to 
heat, and thus decrease the viscosity of the bitumen, enabling it to flow out of the reservoir sand matrix to 
collection wells. Steam is injected using cyclic steam stimulation (CSS), where the same well cycles 
between periods of steam injection and bitumen production, or by steam-assisted gravity drainage 
(SAGD), where a pair of horizontal wells is drilled; the top well is used for steam injection, and the 
bottom well for bitumen production. Bitumen produced from in situ operations is either upgraded into 
SCO or blended with condensates (to produce dilbit) or blended with SCO (to produce synbit) and sent 
directly to refineries that can accept raw bitumen (IEA 2010, p. 149-150; Charpentier et al. 2009, p. 2). 
 
GHG emissions vary by the type of extraction process used to produce bitumen. Due to the high energy 
demands for steam production, steam-injection in situ methods are generally more GHG-intensive than 
mining operations. Table 4-3 shows that across three meta-analyses of WTW GHG assessments, in situ 
methods of extraction emit between three and nine percent more GHGs than mining. 
 
Table 4-2: Increase in WTW GHG emissions from in situ extraction of oil sands compared to mining 

Source WTW GHG 
emissions 

Units Percent 
increase1 

Notes 

 Mining In situ    
IHS CERA 2010, 
Table A-8 

518.6 554.6 kgCO2/bbl 
refined products 

7% SCO from in situ compared to 
mining 

NRDC 2010a, p. 2 106 116 gCO2/MJ 
gasoline 

9% Average estimate for SCO from in 
situ compared to mining based on 
a range of literature values 

Charpentier et al. 
2009, Figure 2 

260 to 
310 

310 to 
350 

gCO2e / km 3 to 9% SCO from in situ compared to 
mining, based on comparison of 
values from the GHGenius and 
GREET models 

1 Percent increase in WTW GHG emissions from in situ compared to mining extraction of WCSB oil sands. 
 

4.2.1.2 Steam-oil Ratio for In Situ Extraction 
The steam-oil ratio (SOR) is the ratio of steam injected to recover oil in SAGD and CSS operations. It is a 
measure of the volume of steam needed to produce a unit volume of oil. The SOR varies across individual 
in situ projects, as shown in Figure 4-2 and Table 4-4. The values in Figure 4-2 range from 2.5 to 5.0 
across SAGD operations in the WCSB oil sands, while Table 4-4 shows a range of 1.94 to 7.26. In 
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addition, SOR is a function of the price of crude oil and natural gas in the world: the higher the price, the 
more energy can be justified to produce an increment of crude from each well. In any case, less than 100 
percent of the bitumen is recovered and more recovery runs up against diminishing returns for increased 
cost of energy for steam production. 
 
Figure 4-2: Reported SORs for SAGD WCSB oil sands projects ((S&T)2 Consultants 2008, pp. 18) 

 
 
Table 4-4: Reported SORs for CSS and SAGD WCSB oil sands projects (NRDC 2010b, citing ERCB 2009) 

 
 
The SOR is an important parameter because steam production at SAGD and CSS operations dominates 
energy consumption in the extraction stage. Charpentier et al. (2009) demonstrate that the GHG emissions 
from SAGD and CSS operations are very sensitive to the SOR. Every 0.5 increase in the SOR 
corresponds to a six cubic meter increase in natural gas consumption, or an additional 10 kgCO2e per 
barrel of bitumen produced (p. 7, citing NEB 2006). In addition to SOR, the steam generation efficiency 
and fuel source are also important factors in overall GHG emissions. Information on steam generation 
efficiency was not located in all of the studies reviewed, however.  
 
Table 4-5 summarizes the SOR assumptions in each study. A number of sources did not provide an 
estimate for the SOR assumed for in situ operations described in the study, but for those that did, the 
assumed SOR for SAGD ranges from 2.5 to 3, and the SOR for CSS ranges from 3.35 to 4.8, depending 
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on the project assumptions and the source. These findings suggest that, in general, studies assume that the 
SOR is higher for CSS operations than SAGD operations. 
 
Table 4-5: SOR assumptions for in situ WCSB oil sands operations in each of the studies reviewed 
Study SOR Notes 

SAGD CSS 
NETL, 2008 -- --  
NETL, 2009 -- --  
IEA, 2010 NE NE States that the industry norm for in situ operations is 

approaching 3. 
IHS CERA, 2010 3 3.35  
NRDC, 2010 NE NE Study notes that it varies by crude, but does not explicitly 

discuss the values. 
ICCT, 2010 NE NE  
Jacobs, 2009 3 NA  
TIAX, 2009 2.5 4.8; 3.4 CSS values are for specific operations using onsite electricity 

and grid electricity, respectively. 
Charpentier, et al., 2009 NE NE Depends on the study but this meta-analysis indicated that 

many studies do not report their assumed SORs. 
RAND, 2008 2.5 NA Study indicates that a high-quality SAGD reservoir has an 

SOR of ~2.5 but this can vary widely by site or operation. 
Footnote on page 19 indicates that an SOR of 2.5 is also used 
in "the MIT model" used in the analysis. 

Pembina Institute, 2005 NE NE  
Pembina Institute, 2006 NE NE  
McCann, 2001 NE NE  
GHGenius, 2010 3.2 --  
GREET, 2010 -- --  
Note: -- = Not located; NA = Not Applicable; NE = Not Estimated or Not Stated. 
 

4.2.1.3 Type of Upgrading Processes Modeled 
Upgrading lowers the viscosity of, and removes sulfur from, bitumen before it is transported by pipeline 
for refining. The resulting product from refining is SCO, essentially a “pre-refined” crude oil with no 
residuum and a lower sulfur content. The viscosity of bitumen can be lowered either by removing the 
heaviest fraction of the oil (residuum) by vacuum distillation or precipitation of asphaltenes, or by adding 
hydrogen in a “hydrocracking” process. The vacuum residuum can be further refined in a “coking” 
process to produce gasoline and distillate (i.e., premium fuel products) range fractions (blended back into 
the SCO) and petroleum coke.  
 
Upgraders that use a portion of the heavy ends (i.e., residuum) or petroleum coke for generating heat, 
electricity, or hydrogen have a higher GHG emissions intensity than those that combust natural gas for 
heat and power. Table 4-6 includes data for two upgraders (viz., Northern Lights and Opti/Nexen) that 
gasify petroleum coke to produce a synthesis gas (or syngas) that can be burned for process heat or 
electricity, or used as a supply of hydrogen for hydocracking for sulfur removal. The GHG emissions 
from these upgraders range from 50 to 500 percent higher than the range of emissions from other 
upgraders in the table, not including the integrated operations in the last two rows, which included 
emissions associated with bitumen extraction, processing, and upgrading. Much of this energy and GHG 
emissions offset downstream refining emissions for processing SCO. 
 
Gasification is not currently widely employed in the oil sands. Of the two gasification upgraders in Table 
4-6, only one is currently operating, representing less than three percent of total WCSB oil sands bitumen 
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capacity.12 OPTI/Nexen’s Long Lake Phase 1 integrated oil sands project gasifies asphaltenes (i.e., heavy 
ends from upgrading the bitumen into SCO) from the upgrader to produce steam for SAGD, generate 
electricity, and produce hydrogen for the hydrocracking unit. Initial production of SCO from the upgrader 
began in January 2009 (Nexen 2011; AERI 2006).  
 
The second gasification project, the Northern Lights Upgrader, has been placed on hold since 2007. 
Synenco/SinoCanada had plans to gasify asphaltenes to produce process heat and hydrogen for the 
hydrocracker unit at a planned upgrading facility outside of Edmonton, Alberta. The upgrader would have 
received bitumen via pipeline from Synenco/Total’s Northern Lights Oil Sands Project near Fort 
McMurray, Alberta (Edmonton Journal 2007; Sturgeon County 2011). 
 
Table 4-6: Upgrader GHG emissions per barrel of SCO ((S&T)2 Consultants 2008)13 

 
 
Coking or hydrocracking upgrading technologies have a small effect on WTW GHG emissions estimates, 
and reported emissions vary by each project. Jacobs (2009) estimated that hydrocracking using an 
ebulating bed hydrocracking unit increases WTW GHG emissions by two percent compared to coking for 
gasoline produced from SAGD-extracted SCO. (S&T)2 Consultants (2008, p. 25) provided estimates of 
direct (i.e., on-site) and indirect (i.e., upstream fuel and electricity production) GHG emissions from 
various operating, planned, and on-hold upgraders in Alberta. The data in Table 4-6 show that direct 
emissions from delayed coking range from 40.7 to 92.8 kgCO2e per barrel of SCO, while GHG emissions 
from hydrocracking range from 33.6 to 60.9 kgCO2e per barrel. 
 

4.2.1.4 Cogeneration and Export of Electricity 
Cogeneration facilities generate both steam and electricity simultaneously to achieve higher efficiencies 
than if each were generated separately.  Facilities are sized to meet the steam requirements for oil sand 
extraction, processing, and upgrading requirements. For facilities where steam requirements are greater 

                                                            
12 Production capacity of the first phase of Long Lake is 60,000 barrels of bitumen per day, or three percent of the 
total current WCSB oil sands raw bitumen capacity of 1,923 thousand barrels per day (IEA 2010, p. 152; including 
both mining and in situ operations). As of mid-2010, production was approximately about half of this, or 30,000 
barrels of bitumen per day (Nexen 2011). 
13 Suncor and Syncrude’s integrated operations include GHG emissions from bitumen extraction, processing, and 
upgrading ((S&T)2 Consultants 2008, p. 26). 
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than for electricity, this leaves an excess capacity for electricity generation that can be exported for use 
elsewhere on the electricity grid (IHS CERA 2010, pp. 16-18; Jacobs 2009, p. 12). 
 
The treatment of exported electricity in LCAs is a study design factor that is discussed separately in 
section 4.1.4.  The specific input assumptions related to electricity exports have a substantial impact on 
the WTW GHG emissions of oil sands-derived crudes relative to reference crudes.  
 
Cogeneration assumptions vary across the studies in two ways: whether cogeneration is included, and if 
so, the assumed source of electricity generation that is offset by electricity cogenerated at oil sands 
facilities.  Jacobs (2009, p. 8-17) illustratively14 demonstrated that applying a credit for offsetting grid 
electricity with electricity cogenerated at oil sand facilities could reduce the WTW GHG emissions for oil 
sands crudes to the range of reference crudes.15  
 
IHS CERA (2010, pp. 16-17) estimated that electricity exports could reduce the WTW GHG emissions by 
one to two percent per barrel of refined products from SAGD bitumen. The authors calculated this range 
by evaluating a case where oil sands electricity exports offset coal-fired generation on the grid and a case 
where the offset is equal to the Government of Alberta’s offset credit for renewable power generation. 
 
TIAX (2009, pp. 27-28) included project-specific data on electricity exports from Suncor Energy’s 
MacKay River and Canadian Natural Resources Limited’s (CNRL) Primrose in situ oil sands projects in 
Alberta. Combined, these projects account for roughly eight percent of total bitumen capacity in the 
WCSB oil sands.16 TIAX assumed that electricity exported to the grid offset electricity that would have 
been generated by natural gas combined-cycle turbines. Contrary to Jacobs and IHS CERA, TIAX 
concluded that exporting cogenerated electricity increased WTW emissions per MJ of reformulated 
gasoline by two to six percent for synbit and dilbit from SAGD and CSS (2009, pp. 66, 76). 
 
Finally, in a 2008 update to the GHGenius model, (S&T)2 Consultants removed a cogeneration credit that 
was previously applied to integrated oil sands extraction and upgrading facilities. (S&T)2 removed the 
credit because they were unable to locate evidence that Suncor and Syncrude’s integrated oil sands 
projects were selling power to the local grid (2008, p. 26). It was unclear whether other studies in the 
scope of this evaluation considered electricity exports in their results. 
 

4.2.1.5 Accounting for Upgrading in Refining Emissions Estimates 
A barrel of SCO delivered to a refinery has already been processed at the upgrader, and will produce 
greater quantities of premium fuel products (i.e., gasoline, diesel, and jet fuel), no heavy residuum, and 
less light ends than a barrel of “full-range” reference crudes that have not already undergone upgrading. 
As a result, the energy consumption—and therefore, GHG emissions—from refining SCO into a barrel of 
premium fuel products is lower than that for producing the same amount of premium fuels from virtually 
all other crudes. 
 
Accounting for the reduced GHG emissions from refining SCO relative to other crudes has a modest 
effect on WTW GHG emissions, as refinery emissions are roughly five to fifteen percent of WTW GHG 
emissions (based on Figure 4.3 in IEA 2010 and Table A-8 from IHS CERA 2010). However, the effect is 

                                                            
14 Jacobs (2009) did not comprehensively evaluate cogeneration opportunities at oil sands facilities, but included a 
preliminary, illustrative analysis and recommended further investigation of cogeneration. 
15 Jacobs (2009) evaluated a series of scenarios that varied the level of electricity export and whether natural gas-
fired electricity or 80-percent coal-fired electricity was displaced by the exported electricity for SAGD operations. 
16 Based on 1,923 thousand barrels per day of total raw bitumen capacity in the WCSB oil sands (IEA 2010, p. 152). 
CNRL’s Primrose project has a raw bitumen capacity of 120 thousand barrels per day (IEA 2010, p. 152), while 
MacKay River has a capacity of 33 thousand barrels per day (Oil Sands Developers Group, 2009). 
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more significant on a WTT basis.  Studies that do not account for the reduction in refinery energy use for 
SCO will overestimate the GHG emissions from SCO relative to other crude sources. 
 
TIAX (2009) and Jacobs (2009) used refinery models to estimate the GHG emissions at the refinery.  
TIAX found that refinery energy consumption for SCO was “significantly lower” than for other crude oils 
(p. 34). The Jacobs results, shown in Figure 4-3 below, estimated that the GHG emissions to refine a 
barrel of SCO were on the order of GHG emissions to refine Mexican Maya or Arab Medium crude oil. 
Note, however, that the Jacobs results are given in terms of refining one barrel of input crude, not in terms 
of the GHG emissions from producing an equivalent amount of premium fuel products from different 
crudes and SCO; since SCO produces more premium fuel products per barrel of input than other crudes, 
GHG emissions from refining SCO are even lower when compared on a per-barrel of premium fuel 
products basis. 
 
Figure 4-3: GHG emissions for refining one barrel of different crudes, SCO, dilbit, and bitumen, by fuel 
source (Jacobs 2009, p. 5-41) 

 
Note: Results only include GHG emissions from refining and do not include emissions from upgrading SCO. 
 
Other studies did not account for this effect in their estimates, or it was unclear whether refinery 
emissions were adjusted to account for upstream upgrading. NETL (2009, p. 11) and ICCT (2010, p. 8, 
26) correlated refinery emissions with API gravity, and although NETL noted this limitation, the authors 
did not evaluate the effect that upgrading would have on SCO GHG emissions at the refinery. As stated 
earlier, correlating GHG emissions with API gravity does not account for the intensity of refining SCO or 
dilbit on a “per barrel of premium fuel products basis” because these crudes have a different composition 
of light and heavy ends than other full-range crudes. The IHS CERA meta analysis (2010, Table A-8) 
estimated that refining SCO would emit 11 percent more GHGs than refining West Texas Intermediate 
crude per barrel of refined products; since emissions from refining SCO should be lower than refining 
other full-range crudes, the study may not have accounted for the reduced GHG emissions per barrel of 
premium fuel product when refining SCO compared to a conventional crude. The report prepared for the 
oil sands pathways within the GHGenius model did not provide the assumptions for refining SCO into 
premium fuel products ((S&T)2 Consultants 2008). 
 

4.2.1.6 Dilbit and Accounting for Diluents 
Because the viscosity of raw bitumen is too high to be transported via pipeline, a portion of the bitumen 
produced from in situ extraction in the WCSB oil sands is diluted with light hydrocarbons (typically 
natural gas liquids, or condensates, from natural gas and SCO production). This allows the bitumen to be 
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sent via pipeline to refineries for refining into products such as gasoline, diesel, and jet fuel without the 
need for upgrading into SCO (IEA 2010, NRDC 2010b). 
 
Accounting for the effect of diluting bitumen with condensate has a moderate effect on emissions 
estimates for two reasons. First, producing and refining condensate from natural gas or SCO into 
finished products emits fewer GHG emissions per barrel of crude transported in the pipeline than 
bitumen, so blending the two together results in lower WTW GHG emissions than the same volume 
of raw bitumen. NRDC (2010b, p. 3) estimates that this results in roughly a six percent decrease in the 
WTW GHG emissions of dilbit relative to raw bitumen. However, since the diluents represent 30 percent 
of the transported dilbit, and do not refine into premium fuel products, if the metric used to compare the 
GHG emissions from WCSB oil sands crudes is GHG emissions per barrel of premium fuel product, 
dilbit would have a higher GHG intensity than either SCO or bitumen (not counting bitumen 
transportation). 
 
Table 4-7 compares the WTW emissions from dilbit to bitumen and SCO from various studies. When the 
diluent condensate is refined with the bitumen at the refinery, WTW GHG emissions for dilbit are 
approximately 4 to 7 percent less than for bitumen, based on results from TIAX (2009). Jacobs (2009) 
examined a scenario where the diluent is separated from bitumen at the refinery and recirculated back to 
oil sands facilities in Alberta. In this scenario, WTW GHG emissions were seven percent higher than if 
the diluent is refined with the bitumen.  The estimates where diluent is refined with the raw bitumen at the 
refinery are representative of the proposed Project, since diluent will not be recirculated by the pipeline. 
These studies do not appear to give adequate credit for lower refining GHG emissions of SCO as 
compared to bitumen or dilbit, which each have about 30 percent vacuum residuum, while SCO has the 
vacuum residuum removed in the upgrader. 
 
Table 4-7: Comparison of WTW GHGs per MJ of premium fuel products refined from dilbit, bitumen, and 
SCO 

Study Extraction 
method 

Feedstock WTW GHG 
emissions 

(gCO2e/MJ1) 

Percent 
change2 

Notes 

TIAX (2009) SAGD Bitumen 109 --  
 SCO 111 2% SCO from SAGD assuming coke 

is buried 
 Dilbit, no 

recirculation 
101 to 105 -4 to -7% Low end includes a credit for 

cogeneration of electricity 
CSS Dilbit, no 

recirculation 
105 to 111 -- Low end includes a credit for 

cogeneration of electricity 
Jacobs 
(2009) 

SAGD SCO 116 to 119 -- Low end assumes delayed coking; 
high end assumes hydrocracking 

 Dilbit, no 
recirculation 

113 -3 to -5% Diluent is separated at refinery 
and recirculated to Alberta 

 Dilbit, 
recirculation 

106 -9 to -11% Diluent is processed with bitumen 
at the refinery 

GHGenius,  
(S&T)2 

Consultants  
(2008) 

SAGD Bitumen 114 --  
 SCO 118 4%  
CSS Bitumen 112 --  
 SCO 116 4%  

1 WTW GHG emissions are in terms of grams CO2e per MJ of reformulated gasoline.  
2Percent change in WTW GHG emissions relative to bitumen, except for Jacobs (2009), which is the percent change in WTW 
GHG emissions relative to SCO. 
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Second, diluting raw bitumen with light hydrocarbons creates a “dumbbell” blend that contains a 
high fraction of heavy residuum and light ends, with relatively low fractions of hydrocarbons in the 
middle that can be easily refined into premium fuel products. As a result, producing one barrel of 
premium fuel products (i.e., gasoline, diesel, and jet fuel) requires more dilbit input and produces more 
light ends and petroleum coke than refining one barrel of premium fuel products from other crudes and 
SCO.  This results in additional energy use and GHG emissions from refining the dilbit, and producing, 
distributing, and combusting the light- and heavy-end co-products. 
 
The extent to which this difference in yield of premium fuel products is accounted for in these studies is 
unclear. IHS CERA’s (2010) estimate for crude production of SAGD dilbit does not appear to adjust 
GHG emissions per barrel of refined products output for the difference in yield.17 TIAX (2009) and 
Jacobs (2009) both show higher refinery emissions for dilbit and synbit on a barrel of input crude basis, 
but it is not clear to what extent the effect of “dumbbell” blend yields on refining GHG emissions is 
accounted for in the refinery models used by these studies. 
 

4.2.2 Factors that Affect Reference Crudes 
 
For the reference crudes, key input assumptions include the oil-water and gas-oil ratios that are used to 
estimate reinjection and venting or flaring requirements, and whether—and what type—of artificial lift is 
considered for extracting crude oil. 
 

4.2.2.1 Artificial Lift Assumptions 
The methods of producing oil from wells drilled into an oil reservoir evolve over the reservoir’s lifetime. 
There are generally three phases of production from a reservoir: primary, secondary, and tertiary. Primary 
recovery relies on the initial pressure of the oil reservoir itself to lift the oil through evolution of dissolved 
gas, much like a carbonated beverage foams liquid up the neck of a bottle. Thus primary recovery 
requires no energy input for extraction. Secondary recovery involves pumping or injecting gas or water 
into the reservoir to “sweep” or push out additional oil. In tertiary recovery, steam or CO2 is injected to 
loosen the remaining oil adhering to the reservoir solids by lowering its viscosity and swelling its volume 
to enable it to flow or be pushed out of the reservoir with a water flood. For a given field, GHG emissions 
intensity increases dramatically through this evolution of recovery techniques. Even the best tertiary 
recovery techniques known today leave more than 50 percent of the original oil in the ground whereas 
mining oil sands captures virtually 100 percent of the oil contained in the sand matrix.  
 
The GHG emissions from crude oil production are driven by the methods used to lift the oil out of the 
ground and produce the oil, and there is significant sensitivity to assumptions about artificial lift, oil, gas, 
and water separation, and water and gas reinjection practices. IHS CERA documented a wide range in 
GHG estimates for production of several reference crudes; estimates for Saudi Medium crude ranged 
from 1 to 25 kgCO2e per barrel of refined products (2010, Table A-1). Studies that do not account for lift 
and associated treatment and reinjection energy requirements will underestimate the GHG emissions from 
reference crude production relative to oil sands-derived crudes. 
 
Jacobs (2009) used a crude production model to estimate GHG emissions associated with producing 
different types of reference crudes. A representative breakdown of the major sources of GHG emissions is 
shown in Figure 4-4. Similarly, TIAX (2009, p. 4) considered different lift methods to determine oil 
production energy use and GHG emissions, as shown in Table 4-8. The study used data from different 
sources to quantify emissions for each crude, and relied on NETL (2008) to estimate grid electricity 

                                                            
17 GHG emissions for crude production from SAGD dilbit are roughly 70 percent of emissions from SAGD SCO, 
suggesting that the value is a simple 70/30 ratio of bitumen to dilbit per barrel of refined products. If so, this would 
not reflect the fact that more bitumen is required to produce the same barrel of refined products than SCO. 



April 1, 2011 Page 23 
 

consumption for several of the crudes modeled. These studies do not appear to evaluate the delivery of 
water from the Arabian Gulf to the principal Saudi oil field (Ghawar), nor do they appear to evaluate 
transporting the produced Arab Light crude to the stabilization plant, from the stabilization plant to the 
shipping terminal, or loading the crude onto the oil tankers. Hence these studies appear to underestimate 
the Saudi crude production energy in the initial phase of the life cycle from reservoir to freight on board a 
tanker. 
 
Figure 4-4: Illustrative break-down of major sources of GHG emissions from production of a generic crude 
oil18 (Jacobs 2009, p. 3-17) 

 
Table 4-8: Crude oil recovery methods (TIAX 2009, p. 64) 

 
 
Crude oil production estimates in NETL (2008, Attachment 1) accounted for artificial lift methods. The 
production value of 13.6 kgCO2 per barrel of crude for Saudi Arabia, however, is roughly half that of 
Jacobs (2009, Figure 3-11).19 It is not clear if this difference is a result of different assumptions in 
baseline crudes, or whether the NETL (2008) estimate accurately accounted for shipment and treatment of 
off-site water used for injection into the reservoir, crude stabilization, or transport to the terminal and 
loading onto tankers. 
 

                                                            
18 The crude oil modeled in this scenario is at 30 API in a reservoir at 5,000 feet. The gas-oil ratio is 1000 standard 
cubic feet of gas per barrel of oil, and 10 barrels of water are produced to one barrel of oil (Jacobs 2009, p. 3-17). 
19 Jacobs (2009, Figure 3-11) estimates approximately 4 gCO2/MJ of crude for Saudi Arabian Medium, or 24 
kgCO2/bbl assuming 6.119 GJ/bbl crude oil. 
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4.2.2.2 Sensitivity to Water-Oil and Gas-Oil Ratios 
Water-oil and gas-oil (GOR) ratio describe the fraction of the flow from a well that is oil, water, or gas. 
Several studies use these ratios to develop simplifying relationships between energy use and GHG 
emissions and oil reservoir characteristics. This simplifying assumption is often necessary due to the 
complex nature of oil production systems and reservoir characteristics, however, it also causes the studies 
to become sensitive to variations in these factors, or circumstances where the relationships may not fully 
apply. 
 
For example, ICCT (2010, p. 14) derived the volume of gas flared from GOR, energy use in the field, and 
the quantity of gas exported as well as other data sources from NOAA and the World Bank’s Global Gas 
Flaring Reduction program. This may overstate the amount of flaring depending upon the extent to which 
gas is reinjected to maintain reservoir pressure. It is important to ensure that the disposition of gas is 
accurately reflected in calculated emissions from flaring since not all of the gas produced from the well 
may be flared. To the extent that natural gas (primarily methane) is vented, rather than flared, this can 
have a significant effect on GHG results, as the GWP of methane is more than 20 times higher (estimates 
vary from 21 to 23 depending on which IPCC assessment report is cited) than that of CO2. 
 

4.2.3 Factors that Affect Both Reference and Oil Sands-Derived Crudes 
 
Across both WCSB oil sands and reference crudes, assumptions about how much petroleum coke is 
produced, stored, and combusted at the upgrader or refinery – and how much is sold to other users – is a 
key driver of GHG emissions; transportation assumptions have a more limited effect, but vary across the 
studies. 
 

4.2.3.1 Treatment of petroleum coke 
Petroleum coke is a co-product produced by thermal decomposition of heavy residuum into lighter 
hydrocarbons during bitumen upgrading and crude oil refining (see Figure 2-1). Petroleum coke is 
approximately 95 percent carbon by weight. In contrast with the premium products produced at the 
refinery, coke is an unavoidable, undesirable co-product that has very low demand the U.S. marketplace 
and is therefore shipped to overseas markets, primarily China. Roughly five to ten percent of a barrel of 
crude ends up as coke, by volume. Heavier crudes will produce a larger fraction of coke than lighter fuels. 
Venezuela Bachaquero, Mexican Maya, and dilbit produce about 50 percent more coke than average U.S. 
2005 crude or Saudi light crude, while SCO has had all the coke removed in the upgrader before it 
reaches the refinery. (TIAX 2009, Appendix D, p. 17) 
 
The treatment of coke is a primary driver behind the results of WTW GHG assessments of oil sand-
derived crudes relative to reference crudes. For example, TIAX found that coke combustion could 
increase WTW emissions by 14 percent (2009, p. 66, 76), and Pembina (2006, p. 11) estimated that 
gasification of coke at the upgrader could account for a 50 percent increase in GHG emissions from 
extraction and upgrading bitumen.  IHS CERA (2010) found that if petroleum coke combustion is 
included, TTW combustion emissions of refined crude increase about 13 percent (from 384 to 432 
kgCO2e/barrel). As shown in Table 4-6 above, data from planned and operational upgraders in Alberta 
show that gasification of petroleum coke and other heavy ends substantially increases GHG emissions.  
These examples demonstrate the significance of coke assumptions in WTW emission estimates. 
 
The main concern in modeling GHG emissions from petroleum coke is ensuring that coke produced at the 
upgrader is treated consistently with coke produced at the refinery.20  Table 4-9 summarizes the 

                                                            
20 The allocation rules that studies apply to petroleum coke are a study design factor that is addressed in section 
4.1.4. In addition to allocation rules, however, the assumptions about how coke is managed by upgraders and 
refineries are  important factors governing the results of WTW GHG emissions assessments. 
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assumptions applied by several studies within the scope of this assessment to petroleum coke generated at 
both upgrading (from bitumen into SCO) and in refineries (from refining crude oil and bitumen into 
refined products). The NETL (2008), IHS CERA (2010), and GHGenius ((S&T)2 Consultants 2008) 
studies do not specifically state how petroleum coke is treated at upgraders and refineries, respectively, 
making it difficult to determine what assumptions about petroleum coke combustion were applied.  
 
Table 4-9: Assumptions regarding petroleum coke produced at upgraders and refineries in different LCA 
studies 
Study Petroleum coke from upgrading bitumen 

at the upgrading facility 
Petroleum coke from reference crudes or 
bitumen at the refinery 

NETL 2008 Not stated GHG emissions from producing coke are 
allocated to the coke product itself. 
Combustion of marketable coke leaving the 
refinery is not included. Refinery emissions 
do include petroleum coke burned as catalyst 
in the refinery. 

Jacobs 2009, pp. 
10, 16, 8-3 

Coke is stored, not used as fuel. Report 
recommended further study into upgrading 
technologies that use coke for energy supply. 

GHG emissions from producing coke are 
allocated to the other premium fuel products. 
Coke is sold as a substitute for coal in 
electricity generation. 

TIAX 2009, pp. 
48, G-6 

Does not include combustion emissions from 
coke. Only considers how to allocate 
upstream emissions associated with 
producing the coke.  
Evaluates three scenarios: use (SAGD-only), 
bury, and sell coke. If sold, TIAX allocates 
GHG emissions to the production of coke; no 
credit is included for offsetting coal 
combustion. 

GHG emissions from producing coke are 
allocated to the other premium fuel products. 
Coke combustion is not included.  

IHS CERA 2010, 
p. 36 

Unclear to what extent emissions from use of 
coke are included. 

Excludes coke from combustion emissions. 

IEA 2010 Not stated Not stated 
McCann 2001, 
pp. 4, 5 

Not clearly stated. Appears that coke is 
combusted at the upgrader in at least one of 
the data sources used. 

Coke was assumed to offset natural gas at the 
refinery. 

RAND 2008 Not stated Not stated 
Pembina 2006 Gasification of coke was included in high-

emission scenarios for hydrogen production 
for upgrading 

Not stated 

GHGenius - 
(S&T)2 2008, 
Table 6.6, p. 25 

Coke is used at the upgrader, contributing to 
15% of energy requirement or 1,100 MJ per 
metric ton of upgrading SCO. 
Remaining coke and LPG not consumed at 
upgrader is assumed to offset emissions from 
coal combustion at electric generating units. 

Not stated  

 
Based on Table 4-9, the basis of the studies is that petroleum coke produced by upgrading bitumen into 
SCO is either: (i) consumed (for process heat, electricity, or hydrogen production); (ii) stored; or (iii) sold 
as a fuel for combustion. In contrast, the studies assume that petroleum coke produced at refineries that is 
not consumed by the refineries themselves (it is the rare case in the United States that petroleum coke is 
consumed by a refinery) is either (i) used to back out   coal combustion for electricity generation or (ii) 
that the emissions associated with producing and combusting the coal are allocated outside of the 
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assumed life-cycle system boundary.  Excess petroleum coke produced from PADD III refineries is 
typically shipped to Asia where it is combusted for electricity generation. 
 
None of the studies included in the scope of this assessment provide information on industry-averaged 
petroleum coke management practices at oil sands operations. Jacobs (2009, p. 4-10) assumed that all 
coke is stockpiled, noting that “the practice of storing coke is typical” and that “the transport costs of 
marketing the material from Alberta exceed its value”.  In contrast, TIAX examines three scenarios where 
petroleum coke at upgraders is either used as a fuel, sold as a product, or buried. In comments to TIAX’s 
report, Suncor Energy noted that 34 percent of the coke generated by upgrading bitumen is consumed in 
the production of SCO and that the rest is sold or stockpiled (TIAX 2009, p. G-3). As noted in section 
4.2.1.3 above, OPTI/Nexen’s Long Lake Phase 1 integrated oil sands project currently gasifies 
asphaltenes from the upgrader for process heat, electricity, and hydrogen.  
 

4.2.3.2 Transportation emissions 
Transportation GHG emissions arise from the transport of bitumen, SCO, and crude to U.S. refineries, the 
distribution of refined premium fuel products (e.g., gasoline, diesel, and jet fuel) to end use in the United 
States, and from the transport of light- and heavy-end co-products such as LPG and petroleum coke to 
markets for these fuels. 
 
Transportation emissions have a small to moderate effect on WTW GHG emissions. IHS CERA (2010, p. 
34) found that transportation emissions make up less than one percent of total WTW emissions. The study 
also documented considerable variation in transportation estimates, ranging from 1 to 14 kgCO2e/bbl for 
transportation of crude from Mexico. 
 
Although the contribution of transportation GHG emissions to WTW GHG emission is minor, 
transportation emission calculations should account for the distance and modes of transportation—
including domestic transportation from the oil field to an export terminal in the case of international 
crudes—and include transportation emissions for all of the products produced from bitumen, crude, or 
SCO for a given amount of premium fuel products produced from the refinery. The variation in 
transportation estimates across different studies may result from different approaches to modeling 
transportation emissions, or an incomplete consideration of the full supply chain from field to refinery. 
 

4.3 Data Quality and Transparency 
 
As discussed in the previous sections, study design factors and assumptions drive the WTW GHG 
comparisons between oil sand-derived crudes relative to reference crudes.  However, the results 
ultimately hinge on a third key factor: data quality.  The quality of the data in the LCAs relates to a 
number of elements including precision, completeness, representativeness (i.e., time-related, 
geographical, and technology coverage), consistency, reproducibility, data sources, uncertainty, and 
documentation of missing data (ISO 14044:2006). The ability to assess data quality is contingent on the 
level of transparency provided by the study authors.   
 
The quality of the data and transparency in the presentation of the data elements, assumptions, and data 
gaps varies considerably by study.  Representativeness was a key area of concern in some of the studies in 
that they lacked data on actual facility operations.  NRDC (2010) notes that studies used pre-project start 
up data (e.g., from applications for facilities that are not yet built or operating).  According to Pembina 
(2011), both Jacobs (2009) and TIAX (2009) did not incorporate data from the two largest mining 
projects.  TIAX uses data from six oil sands projects that represent 34 percent of the 2009 total oil sands 
production capacity in Alberta; two of these projects were not yet producing at the time of the report.  
Additionally, some studies base individual life-stage emissions on few parameters (e.g., API gravity for 
refining) (NETL 2008, 2009; ICCT 2010).   
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Most studies do not provide complete transparency in their methodologies, assumptions, or data sources.  
This is partially a function of the difficulty in accessing necessary data elements on or from non-
transparent international crude production operations.  Data on oil sands fields are typically less robust 
(and include a smaller data set) than those for reference crudes.  This impedes the ability to make 
meaningful comparisons of the results for oil sands-derived crudes and reference crudes.  ICCT (2010) 
acknowledges the lack of data/transparency for oil sands and in general notes “Where data were missing, 
Energy-Redefined LLC made estimates based on expert judgment and calculations and calibrated them 
with known data and available studies for verification," (p. 12).  Some studies used proprietary models 
(e.g., a crude production model in Jacobs [2009] and an oil field model in ICCT [2010]), which keep 
various assumptions and calculations hidden.  
 
Few studies considered uncertainty, and none of them rigorously treat underlying uncertainties in data 
inputs and models.  Pembina (2006) selected point estimates for GHG emissions from different industry 
sources to present life-cycle stages together—an approach that could risk inconsistent characterization of 
the processes within the study. Other studies (e.g., IHS CERA 2010) calculated averages from a wide 
range of values and developed point estimates without providing bounds on uncertainty.  Such bounds are 
important because a high bound on a reference crude can overlap with a low bound on an oil sands crude.   
 

4.4 Analysis of Key Factors and their Impact on WTW GHG Emissions Results 
 
This section analyses the effect that the various key factors described in sections 4.1 and 4.2 have on the 
life-cycle GHG emissions of WCSB oil sands crudes compared to reference crudes. To analyze the 
effects, the key factors and life-cycle results from NETL (2008; 2009) are compared against the other 
studies. Comparing the factors and results of one study against all other studies identifies the key factors 
that differ the most, and the magnitude of the impact that they have on life-cycle GHG emissions. 
 
The NETL studies were selected as a basis for comparison against the other studies for several reasons. 
First, they cover a range of the world crude oils consumed in the United States, including the WCSB oil 
sands as well as the “average crude” consumed in the United States in 2005. Second, these emission 
factors were used as the basis for the GHG results in the DOE/EnSys (2010) study. Finally, the NETL 
factors have informed other fuel-related policy issues, as they have been used for the baseline in the EPA 
Renewable Fuel Standard (RFS2). 
 

4.4.1 Analysis of Study Design Factors 
 
Table 4-10 summarizes key design factors across the studies identified through this assessment. The first 
row of Table 4-10 qualitatively assesses the impact of including each factor in a WTW analysis into an 
approximate high/medium/low arrangement based on results from across the studies evaluated.  The high 
impact factors were those found to result in greater than about 3 percent change in WTW emissions 
across the studies; medium impact indicates an approximate 1 to 3 percent change in WTW emissions, 
and low impact indicates less than about 1 percent change in WTW emissions. The assignment to high, 
medium, or low categories is based on ICF analysis and judgment. 
 
In general, the studies reviewed are consistent with one another in how they treat some factors. For 
example, the studies’ life-cycle boundaries generally exclude emissions associated with land use changes 
and capital equipment. As discussed at length in sections 4.1 and 4.2, the studies vary widely, however, in 
their treatment of other factors, such as their treatment of petroleum coke and exports of cogenerated 
electricity.   
 



April 1, 2011 Page 28 
 

The first two categories in Table 4-10 (i.e., petroleum coke combustion and cogeneration credit) relate to 
how the studies treat allocation and co-product design factors. The remaining categories compare the 
completeness of the LCA boundaries of the studies. The “data reference years” column indicates the time 
period over which the results of each study are representative. 
 
With respect to the first two categories dealing with allocation and co-product design factors: 

 The “petroleum coke combustion” column indicates whether GHG emissions for premium fuel 
refined products include the emissions from producing and combusting petroleum coke. 
Treatment of petroleum coke can have a large impact on WTW GHG emissions. For example, 
IHS CERA (2010) estimated that the inclusion of petroleum coke combustion would increase the 
combustion emissions from a barrel of refined fuel products by 48 kgCO2e, or roughly an eight to 
10 percent increase in WTW GHG emissions, depending upon the crude type. NETL allocated 
the emissions from the production and combustion of co-product petroleum coke outside of the 
LCA system boundary (NETL 2008). Across the other studies, there is a wide variation of 
approaches to account for petroleum coke (see section 4.2.3.1 for details).  

 The cogeneration credit column shows whether the studies include an electricity cogeneration 
GHG credit for excess capacity of electricity generation that can be exported for use elsewhere on 
the electricity grid. As described in 4.2.1.4, applying a GHG credit for avoided grid-based 
electricity reduces the WTW GHG emissions for oil sands crudes relative to the range of 
reference crudes. It is unclear whether NETL assigned electricity cogeneration GHG credit in its 
study. Jacobs (2009) indicated that including an electricity cogeneration GHG credit for displaced 
grid-based electricity has the potential to reduce the WTW GHG emissions for oil sands crudes to 
within the range of reference crudes (Jacobs 2009, p. 1-13).  This translates into roughly a 5-10 
percent reduction in WTW GHG emissions assuming displacement of the local Alberta electricity 
grid mix, which is mostly coal-based electricity (Jacobs 2009).  

 
The remaining categories indicate whether several secondary carbon flows are included within the LCA 
boundaries of the studies (see Figure 2-1for reference): 

 NETL and most other studies include the GHG emissions associated with upstream production of 
purchased fuels and electricity that is imported to provide process heat and to power machinery 
throughout crude production. The upstream GHG emissions for natural gas fuel and electricity 
production used in the production of oil sands are significant. Jacobs 2009 includes GHG 
emissions associated with the natural gas and electricity upstream fuel cycle which accounts for 
roughly 4-5 percent of the total WTW GHG emissions for average WCSB oil sands. IHS CERA 
(2010) indicates that although their study excludes upstream fuel and electricity GHG emissions, 
the inclusion of the upstream GHG emissions would add 3 percent to WTW emissions on a per 
barrel of refined products basis.  

 Emissions associated with flaring and venting are a high impact source of GHG emissions that 
are included in the NETL study. The TIAX 2009 study indicates that including venting and 
flaring emissions associated with oil sands production (particularly for mining extraction 
techniques) contributes up to 4 percent of total WTW GHG emissions. Flaring and venting 
emissions are included in several other studies; however a few studies reviewed did not explicitly 
state whether they were included. 

 Only a few studies modeled the effect that upgrading SCO has on downstream GHG emissions at 
the refinery. Both Jacobs 2009 and TIAX 2009 include this effect and determine that the GHG 
impact of upgrading bitumen into SCO will reduce the emissions at the refinery. Compared to 
refining bitumen directly, refining SCO (which already has been upgraded) would reduce WTW 
GHG emissions by between 1 and 2 percent. 21  

                                                            
21 Due to the complexity of refining processes, it is difficult to estimate the magnitude of this effect. Comparing 
refining emissions from TIAX (2009) and Jacobs (2009)—which accounted for the fact that upgraded SCO will 
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 None of the studies included the GHG impacts associated with capital equipment and 
construction of facilities, machinery, and infrastructure needed to produce oil sands. According to 
Bergerson and Keith (2006), the relative percentage increase to WTW GHG emissions from 
incorporating capital equipment is between 9 and 11 percent. Charpentier et al. (2009) discusses 
the need to more fully investigate and include these potentially significant supply chain 
infrastructure GHG emissions in future oil sands life-cycle studies (p 10).  

 During oil sands production, local and indirect land use change emissions associated with 
changes in biological carbon stocks from the removal of vegetation, trees, and soil during oil 
sands mining operations may be significant. None of the life-cycle studies reviewed, however, 
included land use change GHG emissions in the WTW life-cycle assessment. Studies describing 
the potential GHG emissions impacts of including land use change emissions estimate potential 
increases in WTW GHG emissions for oil sands range from less than 1 to 2 percent (Yeh 2010). 
To the extent that land is reclaimed after oil sands operations are completed, this lost carbon 
would be returned over a long time period. 

 Methane emissions from fugitive leaks, oil sands mining operations, and tailings ponds are not 
included across all studies. TIAX (2009), Pembina (2006), and GHGenius include the impacts of 
both sources. Fugitive emissions from leaks throughout the oil sands production process can 
potentially contribute up to 1 percent of WTW GHG emissions according to emissions estimates 
from Environment Canada’s National Inventory Report (EC 2010). Emissions from oil sands 
mining and tailings ponds potentially have a larger impact on WTW GHG emissions, contributing 
0 to 9 percent of total WTW GHG emissions (Yeh 2010). IHS CERA excludes emissions from 
methane released from tailings ponds but recognizes there is considerable uncertainty and 
variance in quantifying these emissions (2010, p. 15).  

 Methane emissions from the mine face of oil sands mining operations are in the low-impact 
category. Only the Pembina (2006), RAND (2008), and GHGenius sources recognize and include 
this emissions source, although many studies did not explicitly state whether these emissions 
were included or not considered. Methane emissions from the mine face are estimated to 
contribute less than 1 percent of total WTW GHG emissions (Pembina 2006, p. 11). 

                                                                                                                                                                                                
require less energy to refine into premium products—to refining emissions from GHGenius and NETL—which did 
not account for this affect—showed a one to two percent reduction in WTW GHG emissions, on average across the 
studies. Comparing individual studies, the minimum change was 0.4 percent and the maximum was 4.1 percent. 
These changes may not be entirely attributable to accounting for upgraded SCO at the refinery, but they represent a 
rough, upper-bound estimate. Refining values for TIAX, Jacobs, GHGenius, and GREET were taken from Brandt 
(2011, Table 8, p. 45). 
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Table 4-10: Summary of key study design features that influence GHG results 
Estimated Relative WTW Impact:1  High Medium Low 
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Year(s) 
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NETL, 2008 2005 No NS Yes Yes No No No NS Yes NS 
NETL, 2009 2005 No NS Yes Yes No No No NS NS NS 
IEA, 2010 2005-2009 NS NS Yes NS NS NA No Yes NS NS 
IHS CERA, 2010 ~2005-2030 V V No NS NS NA No V NS V 
NRDC, 2010 2006-2010 NS7

 NS7 P NS NS NA No NS NS NS 
ICCT, 2010 2009 NS No P Yes No No No NS Yes NS 
Jacobs, 2009 2000s Yes Yes Yes Yes No Yes No No Yes No 
TIAX, 2009 2007-2009 P P Yes Yes No Yes No Yes Yes Yes 
Charpentier, et al., 
2009 

1999-2008 NS7 NS7 V NS V NA No NS NS NS 

RAND, 2008 2000s NS NS NS Yes No No No Yes Yes Yes 
Pembina Institute, 2005 2000, 2004 NS NS NS P No No No NS P NS 
Pembina Institute, 2006 2002-2005 NS NS No P No No No Yes Yes Yes 
McCann, 2001 2007 P NS Yes NS No NS No NS NS NS 
GHGenius, 2010 Current Yes No Yes Yes No NS Local Yes Yes Yes 
GREET, 2010 Current NS NS Yes Yes No NS No NS Yes NS 

Notes: Yes = included in life-cycle boundary; No = not included; P = partially included; NS = not stated; NA = not applicable; V = varies by study addressed in meta-study. 
1 High impact = greater than about 3 percent change in WTW emissions. Medium impact = approximately 1 – 3 percent change in WTW emissions. Low impact = less than about 
1 percent change in WTW emissions. 
2“Yes” indicates that GHG results for products such as gasoline, diesel, and jet fuel do include petroleum coke production and combustion. “No” indicates that GHG emissions 
from petroleum coke production and combustion were not included in the system boundary for gasoline, diesel, or jet fuel. The effect of including petroleum coke depends on how 
much is assumed to be stored at oil sands facilities versus sold or combusted, and whether a credit is included for coke that offsets coal combustion. 
3 “Yes” indicates that the study applied a credit for electricity exported from cogeneration facilities at oil sands operations that offsets electricity produced by other power 
generation facilities. “No” indicates a credit was not applied. Including a credit for oil sands will reduce the GHG emissions from oil sands crudes relative to reference crudes. 
4 Indicates whether studies included GHG emissions from the production of fuels that are purchased and combusted on-site for process heat and electricity (e.g., natural gas). 
5 Indicates whether refinery emissions account for the fuel properties of SCO relative to reference crudes. Since SCO is upgraded before refining, it requires less energy and GHG 
emissions to refine into gasoline, diesel, and jet fuel products. 
6 Indicates whether the study included GHG emissions from the construction and decommissioning of capital equipment such as buildings, equipment, pipelines, rolling stock. 
7 Not discussed in the meta-study; may vary by individual studies analyzed. 
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4.4.2 Analysis of Input and Modeling Assumptions 
 
This section assesses several key input assumptions that influence the life-cycle GHG results provided by 
NETL (2008; 2009). Figure 4-5 summarizes GHG emissions for each of the reference crudes and average 
WCSB oil sands crude across the different life-cycle stages as quantified in the NETL studies.  
 
NETL provides a single WCSB oil sands (i.e., “Canadian Oil Sands”) estimate that represents a weighted 
average of 43 percent crude bitumen from in situ production and 57 percent SCO from mining (NETL 
2009). Note that in the NETL studies the “upgrading” stage for WCSB oil sands is included in the “crude 
oil production” stage. The GHG emissions from the crude oil production stage for WCSB oil sands are 
more than double the GHG emissions as compared to the range of crude oil production for the reference 
crudes.  
 
Figure 4-5 also shows that the transport stages (both the crude oil transport upstream and the finished fuel 
transport downstream) collectively account for a small minority (2-4 percent) of the total WTW GHG 
emissions across all reference crudes and WCSB oil sands. Finally, the fuel combustion stage (i.e., TTW) 
component of the WTW fuel life-cycle GHG emissions for all reference crudes and oil sands are identical 
and account for the majority (70 to 80 percent) of the total WTW GHG emissions.  
 
Figure 4-5: WTW GHG emissions across the fuel life-cycle for WCSB oil sands average crude (i.e., Canadian 
oil sands) and reference crudes (all values from NETL 2009) 
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Note: GHG emissions are presented in g CO2e per MJ of gasoline on a lower heating value (LHV) basis. 
* Includes upgrading for WCSB oil sands 
 
Table 4-11 summarizes the life-cycle GHG emissions for gasoline produced from oil sands-derived crude 
relative to other reference crudes consumed in the United States (NETL 2009). The results from the 
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NETL study are subject to several input assumptions that influence the results of the analysis. These 
assumptions, and their estimated scale of impact on the WTW results, are summarized in the last two 
columns of Table 4-11.  
 
First, NETL allocated refinery emissions from co-products other than gasoline, diesel, and jet fuel 
to the co-products themselves, including petroleum coke (NETL 2009, p. 72), and only considered 
combustion emissions from gasoline, diesel, and kerosene-type jet fuel.  This approach removes the 
GHG emissions associated with producing and combusting co-products from the study’s life-cycle 
boundary. This was consistent with NETL’s goal of estimating the contribution of crude oil sources to the 
2005 baseline GHG emissions profile for three transportation fuels (gasoline, diesel, and kerosene-type jet 
fuel).  
 
As discussed in section 4.2.3.1, including the GHG emissions from the production and combustion of 
petroleum coke significantly increases WTW GHG emissions for crudes where the petroleum coke is 
combusted. If petroleum coke produced from refineries is assumed to offset coal combustion, however, 
the net emissions from coke combustion will be much smaller.  As a result, the effect of including 
petroleum coke combustion depends upon study assumptions about the end use of petroleum coke at both 
the refinery and upgrader, and whether petroleum coke use offsets other fuels, such as coal. 
 
Second, the NETL study used linear relationships to relate GHG emissions from refining 
operations to specific crudes based on API gravity and sulfur content. The study notes that these 
relationships do not account for the fact that bitumen blends and SCO in particular will produce different 
fractions of residuum and light ends than “full-range” crudes. Accounting for this effect in the refinery 
will change the differences between WTW GHG emissions from WCSB oil sands-derived premium fuels.  
 
Third, as noted in the table below and described in the “Analysis of Key Design Factors” section 
above, the NETL study did not fully evaluate the impact of pre-refining SCO at the upgrader prior 
to the refining stage and is potentially overstating the emissions associated with refining oil sands. 
Upgraded bitumen in the form of SCO would require less refining and GHG emissions would decrease by 
roughly 1 to 2 percent.  
 
Finally, since the transport stages of the fuel life cycle (both upstream crude oil transport and 
downstream finished fuel transport) account for minor portions (1-3 percent and 1 percent, 
respectively) of the overall WTW GHG emissions across the reference crudes and oil sands, the 
impact of transportation distance assumptions on total WTW GHG emissions are small. For 
example, in the finished fuel transport stage, emissions associated with crude co-product distribution are 
excluded and would increase transport GHG emissions by approximately 0.2 to 0.3 percent if included.22 
Note also in the NETL comparisons in Figure 4-5 that Mexican Maya and Venezuelan crude transport are 
shown to be equal, at about half the value of Saudi Arabia crudes.  However, the transport distance of 
Mexican crude to Southeast Texas is less than half that of Venezuelan crude, and 7 percent of the distance 
of Saudi crudes. This differential would be compounded on a GHG emissions per barrel of premium fuel 
product basis as Mexican and Venezuelan heavy crudes produce less premium fuel per barrel transported 
than Saudi crudes. 

 

                                                            
22 All crude oils with exception of SCO have a vacuum resid content, which is processed in the Gulf Coast refineries 
to G+D (gasoline plus diesel) and petroleum coke. Nearly all U.S. petroleum coke manufactured in southeast Texas 
is exported to China, India and other foreign locations. ICF evaluated the effect of including transport of petroleum 
coke to Asia, assuming that the voyage is roughly equivalent to ocean transport of crude oil from Saudi Arabia to the 
Gulf of Mexico, and adjusting transport GHG emissions by the fraction of crude that is converted to petroleum coke. 
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Table 4-11: GHG emissions for producing gasoline from different crude sources from NETL 2009 and 
estimates of the impact of key assumptions on the differential between oil sands and U.S. average crude 

Life-Cycle 
Stage 

GHG Emissions (g CO2e/MJ LHV gasoline)a Findings on Key Assumptions 
Influencing Results 

2005 U.S. 
Average 

Canadian 
Oil Sands 

Venezuela Mexico Saudi 
Arabia 

Description Estimated 
Ref Crude 

WTW 
Impactb 

Crude Oil 
Extraction 6.9 20.4c 4.5 7.0 2.5 NETL uses a weighted 

average of 43% crude 
bitumen from in situ 
production and 57% SCO 
from mining 

NA 
Upgrading NA IE NA NA NA 

Crude Oil 
Transport 1.4 0.9 1.2 1.1 2.8 Relative distances vary by 

study 

Low 
increase or 
decrease 

Refining 9.3 11.5d 11.0 12.9 10.4 

Did not evaluate impact of 
upgrading SCO prior to 
refinery; only affects oil 
sands. 

Medium 
decrease 

Finished Fuel 
Transport 1.0 0.9 0.9 0.9 0.9 Transportation excluded co-

product distribution 
Low 

increase 
Total WTT 18.6 33.7 17.6 22.0 16.7   

Fuel 
Combustion 72.6 72.6 72.6 72.6 72.6 

Fuel combustion excluded 
combustion of petroleum 
coke and other co-products 

Low to 
high 

increasee  
Total WTW 91.2 106.3 90.2 94.6 89.3   
Difference from 
2005 U.S. 
Average 

0% 17% -1% 4% -2%   

Notes: IE = Included Elsewhere; NA = Not Applicable. LHV = Lower Heating Value. WTT = Well-to-Tank; WTW 
= Well-to-Wheels. 
aNETL 2009 values converted from kgCO2e/MMBtu using conversion factors of 1,055 MJ/MMBtu and 1000 g/kg. 
bEstimated impact on the WTW GHG emissions for reference crudes, except where noted (i.e., refining assumption 
affects oil sands), as result of addressing the key assumptions/ missing emission sources. High = greater than 
approximately 3 percent change, Medium = approximately 1 – 3 percent change, and Low = less than approximately 
1 percent change in WTW emissions. 
c Included within extraction and processing emissions. 
d Calculated by subtracting other process numbers from WTT total; report missing this data point. 
e The effect that including petroleum coke combustion has on WTW results depends upon assumptions about the 
end-use of petroleum coke and whether it is used to offset coal in electricity generation. 
 

4.4.3 Summary Comparison of Life-cycle GHG Emission Results 
 
Figure 4-6 and Figure 4-7 compare, respectively, the WTW and WTT GHG emissions of gasoline 
produced from WCSB oil sands crudes relative to four reference crudes based on data from the studies 
included in this assessment. These figures were developed from an extensive review of the design and 
input assumptions of the life-cycle studies in the scope of this assessment.  
 
The results are plotted as the percentage change in WTW and WTT GHG emissions from gasoline 
derived from WCSB oil sands relative to gasoline from the four reference crudes. The large diamonds 
indicate the NETL results for gasoline produced from the average mix of WCSB oil sands imported to the 
United States in 2005. The other symbols illustrate the range of GHG emissions estimates across the 
studies for different oil sands production methods and scenarios.  
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Apart from the NETL results in Figure 4-6 and Figure 4-7 (which are indicated by large diamonds), each 
symbol corresponds to a specific method of producing WCSB oil sands crude (e.g., producing SCO from 
mining, dilbit from SAGD). For SCO and synbit, the symbols also indicate the treatment of petroleum 
coke produced at the upgrader. For example, the studies assumed that petroleum coke is either: (i) used 
(i.e., combusted or gasified) for process energy or hydrogen, (ii) stockpiled or buried, or (iii) sold as a co-
product.  
 
Symbols that repeat in the comparison to each reference crude indicate that there are varying differentials 
even for the same scenario based on different studies (e.g., “SAGD, SCO (bury coke)”). The percentage 
differences across the oil sands are a result of: (i) differences in technologies and practices utilized to 
produce the oil sands-derived gasoline including in situ SAGD, in situ CSS, or mining; (ii) differences in 
the pathway for refining the extracted bitumen (i.e., whether the bitumen was upgraded to SCO, refined as 
dilbit, refined as synbit, or refined as bitumen directly); and (iii) differences in individual life-cycle 
studies’ design factors and input assumptions. These three factors drive a wide range in results for the 
overall WTW and WTT comparisons shown in Figure 4-6 and Figure 4-7.  
 
Figure 4-6 and Figure 4-7 show that WCSB oil sands-derived gasoline WTW and WTT GHG emissions 
differentials are larger than gasoline produced from the four reference crudes. Two data points—SCO 
from mining where the coke is buried, and dilbit from SAGD—estimate that life-cycle GHG emissions 
from WCSB oil sands are lower than the Venezuelan Bachaquero reference crude assumed in the studies 
from which the data were drawn.  
 
More specifically, as shown in Figure 4-6, the NETL results show that the WTW GHG emissions from 
gasoline produced from WCSB oil sands crude are as much as 17 percent higher than that gasoline from 
the average mix of crudes consumed in the United States in 2005. Gasoline from certain WCSB oil sands 
crude production schemes emits a maximum of 19, 13, and 16 percent more life-cycle GHG emissions 
than Middle East Sour, Mexican Heavy (i.e., Mexican Maya), and Venezuelan Bachaquero crudes, 
respectively.  
 
Figure 4-6 also illustrates that on a WTW basis, gasoline produced from SCO via in situ methods of oil 
sands extraction (i.e., SAGD and CSS) in general has higher life-cycle GHG emissions than mining 
extraction methods. This difference is primarily attributable to the energy requirements of producing 
steam as part of the in situ extraction process. According to all the studies evaluated, both methods emit 
more life-cycle GHG emissions than gasoline produced from the average mix of crudes consumed in the 
United States in 2005.  
 
Gasoline produced from dilbit generally has lower GHG emissions per barrel of crude delivered to the 
refinery than mining and in situ methods. This is a result of blending raw bitumen with a diluent 
condensate for transport via pipeline. This analysis evaluates the refining of both bitumen and diluent at 
the refinery, since diluent will not be recirculated by the proposed Project.  GHG emissions per barrel of 
crude from synbit are similar to mining and in situ SCO. 
 
In Figure 4-7, the same trends are illustrated from the WTT perspective. The percentage increase in WTT 
GHG emissions shown in Figure 4-7 as compared to gasoline produced from reference crudes is much 
larger than the percentages found in the WTW perspective used in Figure 4-6. This is because the 
majority of WTW emissions occurs during the combustion stage (i.e., between 70 to 80 percent) and is 
generally identical irrespective of the feedstock (i.e., reference crude or oil sands) as shown in Figure 4-5 
above. Therefore, the WTT perspective dramatically increases the GHG emissions differential between 
different crudes because the percentage differences are calculated using the same numerator as in the 
WTW calculations, but with a much smaller denominator. 
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The GHG emissions across different oil sands extraction, processing, and transportation methods vary by 
roughly 25 percent on a WTW basis. Life-cycle GHG emissions of fuels produced from oil sands crudes 
are higher than fuels produced from lighter crude oils, such as Middle East Sour crudes and the 2005 U.S. 
average mix. Compared to heavier crudes from Mexico and Venezuela crudes, WTW emissions from oil 
sands crudes range from a maximum 37 percent increase for SAGD SCO involving burning the coke at 
the upgrader to a 2 percent decrease for mining SCO and burying or selling the coke.  
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Figure 4-6: Comparison of the percent differential for WTW GHGs from gasoline produced from WCSB oil 
sands relative to reference crudes 
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Sources: Data from NETL 2009, Jacobs 2009, TIAX 2009, GHGenius ((S&T)2 2008).  
Notes: The percent differentials are calculated using the oil sands results relative to the corresponding study’s 
reference crude, with two exceptions: (i) for the 2005 U.S. average value in the first column, all studies are 
compared to the reference crude as estimated by NETL, and (ii) GHGenius WCSB oil sands crudes are compared to 
NETL (2009) reference crudes, since published estimates of reference crudes were not available for GHGenius and 
development of these factors within the model was beyond the scope of this assessment.   
In this chart, all emissions are given per MJ of reformulated gasoline with the exception of NETL 2009, which is 
given per MJ of conventional gasoline.  NETL 2009 results exclude the GHGs associated with petroleum coke.   
Gasoline combustion emissions for NETL and GHGenius assumed to be 77 gCO2/MJ gasoline, taken from NETL 
2008.  “Venezuela Conventional” is used as the NETL reference crude for Venezuela Bachaquero in this analysis; 
this is a medium crude, not a heavy crude; thus, the NETL values are compared against a lighter Venezuelan 
reference crude than other studies. 
*Dilbit fuels do not include emissions associated with recirculating diluents back to Alberta. TIAX (2009) did not 
consider recirculation of diluent back to Alberta. Jacobs (2009) evaluated a scenario where diluent is recirculated to 
Alberta, which increased WTW emissions by 7 gCO2/MJ (LHV), or 7 percent, for reformulated gasoline relative to 
the case where diluent is not recirculated. This scenario has not been included in this figure because diluent will not 
be recirculated by the proposed Project. 
SCO = synthetic crude oil 
SAGD = steam-assisted gravity drainage 
CSS = cyclic steam stimulation 
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Figure 4-7: Comparison of the percent differential for WTT GHGs from gasoline produced from WCSB oil 
sands relative to reference crudes 
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Sources: Data from NETL 2009, Jacobs 2009, TIAX 2009, GHGenius ((S&T)2 2008).  
Notes: The percent differentials are calculated using the oil sands results relative to the corresponding study’s 
reference crude, with two exceptions: (i) for the 2005 U.S. average value in the first column, all studies are 
compared to the reference crude as estimated by NETL, and (ii) GHGenius WCSB oil sands crudes are compared to 
NETL (2009) reference crudes, since published estimates of reference crudes were not available for GHGenius and 
development of these factors within the model was beyond the scope of this assessment.  
In this chart, all emissions are given per MJ of reformulated gasoline with the exception of NETL 2009, which is 
given per MJ of conventional gasoline.  NETL 2009 results exclude the GHGs associated with petroleum coke.   
Gasoline combustion emissions for NETL and GHGenius assumed to be 77 gCO2/MJ gasoline, taken from NETL 
2008.  “Venezuela Conventional” is used as the NETL reference crude for Venezuela Bachaquero in this analysis; 
this is a medium crude, not a heavy crude; thus, the NETL values are compared against a lighter Venezuelan 
reference crude than other studies. 
*Dilbit fuels do not include emissions associated with recirculating diluents back to Alberta. TIAX (2009) did not 
consider recirculation of diluent back to Alberta. Jacobs (2009) evaluated a scenario where diluent is recirculated to 
Alberta, which increased WTW emissions by 7 gCO2/MJ (LHV), or 7 percent, for reformulated gasoline relative to 
the case where diluent is not recirculated. This scenario has not been included in this figure because diluent will not 
be recirculated by the proposed Project. 
SCO = synthetic crude oil 
SAGD = steam-assisted gravity drainage 
CSS = cyclic steam stimulation 
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5.0 INCREMENTAL GHG EMISSIONS OF DISPLACING REFERENCE CRUDES WITH 
WCSB OIL SANDS 

 
As noted earlier in this chapter, based on the EnSys (2010) analysis, under most scenarios the proposed 
Project would not substantially influence the rate or magnitude of oil extraction activities in Canada, or 
the overall volume of crude oil transported to the United States or refined in the United States.  Thus, 
from a global perspective, the project is not likely to result in incremental GHG emissions.   However, 
from the standpoint of evaluating the impacts on the U.S. carbon footprint on a life-cycle basis, displacing 
reference crudes with oils sands crudes could result in an increase in the footprint.23  Such an analysis is 
not strictly necessary for purposes of evaluating the potential environmental impacts attributable to the 
proposed Project under NEPA, but is relevant and informative for policy-makers to consider in a variety 
of contexts.  For illustrative purposes, this Appendix provides information on the incremental life-cycle 
GHG emissions (in terms of the U.S. carbon footprint) from WCSB oil sands crudes likely to be 
transported by the proposed Project (or any transboundary pipeline). The incremental emissions are a 
function of: (i) the throughput of the pipeline, (ii) the mix of oil sands crudes transported by the pipeline, 
and (iii) the GHG-intensity of the crudes in the pipeline compared to the crudes they displace. 
Acknowledging the methodological differences in GHG-intensity estimates between the studies, this 
section estimates weighted-average GHG emissions from WCSB oil sands crudes for a sub-set of the 
studies reviewed. The weighted-average results are used to estimate incremental GHG emissions from 
WCSB oil sands relative to displacing an equivalent volume of reference crudes in U.S. refineries. 
 

5.1 Weighted-average GHG emissions from WCSB oil sands crudes transported in the 
proposed Project 

 
While Figure 4-5 and Figure 4-7 indicate the full range of life-cycle GHG emissions estimates associated 
with individual methods of oil sands production, the actual life-cycle GHG emissions of WCSB oil sands 
crude that would be imported by the proposed Project or a similar transboundary pipeline to the United 
States would be a weighted-average mix of crudes produced using different methods of extraction, 
upgrading or diluting, and petroleum coke management practices. For example, IHS CERA (2010) 
assumed an average 55 percent dilbit and 45 percent SCO for WCSB oil sands imported to United States, 
and NETL (2008) assumed 57 percent SCO and 43 percent crude bitumen.24 In the EIS, DOS assumes 
that the average crude oil flowing through the pipeline would consist of about 50 percent Western 
Canadian Select (dilbit) and 50 percent Suncor Synthetic A (SCO). 
 
Estimating an “average” oil sands value allows for direct comparison with other “average” reference 
crude estimates, but it is difficult to characterize the “average” mix for WCSB oil sands due to the 
various: (i) methods of producing bitumen from oil sands deposits (i.e., mining versus in situ), (ii) fuel 
sources used (e.g., combustion of petroleum coke versus import of natural gas and export of electricity), 
and (iii) products produced from these operations (i.e., dilbit, synbit, and SCO). The average mix of 
WCSB oil sands production will also change over time depending on factors such as the share of in situ 
extraction relative to mining, the use of coke as a fuel source, and upgrading capacity. 
 

                                                            
23 Note that a substantial share of these emissions would occur outside of the United States.  Also note that the U.S. 
National Inventory Report, like other national inventories, only characterizes emissions within the national border, 
rather than using a life-cycle approach.  If the United States used a life-cycle approach, upstream emissions from 
other imported crudes would be attributed to the United States. 
24 There is a synergy between the two methods for producing and transporting bitumen down the pipeline in that the 
SCO upgrader produces steam and electricity that can be used in the SAGD process while mining is more energy-
efficient in extracting bitumen from the field. 
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ICF applied the following method to develop a weighted-average estimate for WCSB oil sands crudes 
likely to be transported in the proposed Project. First, we established a sub-set of studies that provided 
sufficient information to develop a weighted-average GHG estimate for WCSB oil sands. Next, we 
developed an estimated mix of WCSB oil sands crudes likely transported by the proposed Project in the 
near-term. Finally, we applied the studies’ WTW GHG emission estimates for different WCSB oil sands 
crudes to the mix of crudes likely to be transported by the proposed Project to calculate a weighted-
average for WCSB oil sands crude for each study. 
 
Only a sub-set of the studies included in this assessment provide sufficient information to develop a 
weighted-average GHG estimate for WCSB oil sands crude. To define “sufficient information”, we 
applied the following criteria: 

 Study includes the WCSB oil sands crude types that are likely to be transported in the proposed 
Project.  We assumed a 50/50 split between SCO and dilbit, for consistency with the EIS. 

 Study evaluates the full WTW life-cycle. Studies that evaluated only a portion of the life-cycle 
(e.g., only WTR or up to the refinery gate) cannot be accurately compared with other studies on a 
full life-cycle basis. 

 Study is a unique, original analyses, independent of other studies included in the review (i.e., not 
a meta-analysis of the same studies included in the review); several of the studies were meta-
analyses that summarized or averaged the results from other studies already included in this 
review (e.g., CERA [2010]).  
 

We also ensured that the studies used consistent functional units to evaluate WTW GHG emissions so 
that accurate comparisons could be made.  Table 5-1 evaluates each of the studies included in this 
assessment against the criteria. Of the studies, we found that NETL (2008, 2009), Jacobs (2009), and 
TIAX (2009) provided sufficient independent information to develop internally-consistent averages for 
the mix of WCSB oil sands crudes likely to be transported by the proposed Project. 
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Table 5-1: Evaluation of studies that provided sufficient independent, comprehensive information to develop 
weighted-average GHG emissions estimates for WCSB oil sands crudes 
Study Type Includes crudes 

likely to be 
transported by 
the proposed 

Project 

Evaluates full 
WTW GHG 

emissions 

Does not 
average across 
same studies 

already 
included in the 

review 

Meets criteria 

NETL 2008; 2009 Individual LCA Y1 Y Y Y 
IEA 20103 Meta-analysis N2 Y N N 
IHS CERA, 2010 Meta-analysis Y Y N N 
NRDC, 2010 Meta-analysis Y Y N N 
ICCT, 2010 Individual LCA N4 N5 Y N 
Jacobs, 2009 Individual LCA Y Y Y Y 
TIAX, 2009 Individual LCA Y Y Y Y 
Charpentier, et al., 
2009 

Meta-analysis N6 Y N N 

RAND, 2008 Individual LCA N7 N8 N N 
Pembina Institute, 
2005 

Partial LCA N9 N10 Y N 

Pembina Institute, 
2006 

Partial LCA N11 N10 Y N 

McCann, 2001 Individual LCA N12 Y Y N 
GHGenius, 2010 Model N13 Y Y N 
GREET, 2010 Model N14 Y Y N 
1 NETL assumed a mix of 43 percent blended bitumen and 57 percent SCO, and used crude bitumen as a proxy for 
the blended bitumen component. 
2 IEA includes estimates for high/low in situ and mining. Does not specify SCO or dilbit crude types. 
3 IEA results are compared on a per barrel of crude basis. 
4 ICCT evaluates average mix of oil sands imported to Europe. 
5 ICCT GHG emissions include refining, but exclude final distribution of premium fuel products. 
6 Charpentier et al. did not evaluate dilbit as a crude pathway. 
7 RAND only evaluated SCO from WCSB oil sands. 
8 RAND only evaluated WTR GHG emissions. 
9 Pembina (2005) only evaluated “oil sands average”, but did not specify the composition. 
10 Pembina (2005, 2006) only evaluated WTR GHG emissions. 
11 Pembina (2006) only evaluated GHG emissions from SCO. 
12 McCann only evaluated GHG emissions from SCO. 
13 McCann results are compared on a per 1,000 liters of transportation fuel basis. 
14 GHGenius does not include a pathway for dilbit production; the model only includes bitumen ((S&T)2 
Consultants 2008a). 
15 Published estimates for SCO and dilbit from WCSB oil sands crudes were not located for GREET, and 
development of these factors was beyond the scope of this assessment. 
 
It is expected that 50 percent of pipeline throughput will be SCO, and 50 percent will be dilbit (as 
discussed in the EIS).  According to the Alberta Energy Resources Conservation Board (ERCB 2010), all 
WCSB dilbit is currently produced using in situ production. All WCSB bitumen produced from mining is 
upgraded to SCO and 12 percent of SCO is produced via in situ methods (ERCB 2010, pp. 2-18, 2-24). 
Applying this production mix to a 50/50 split of SCO and dilbit yields an estimated mix of 50 percent in 
situ-produced dilbit, 44 percent mining-produced SCO, and six percent in situ-produced SCO transported 
in the proposed Project. 
 
We evaluated WTW GHG emissions for in situ dilbit, in situ SCO, and mining SCO in Jacobs (2009) and 
TIAX (2009) using the following assumptions: 
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 For Jacobs (2009): 
o In situ SCO: We used the average of SAGD SCO from delayed coking and ebulating bed 

hydrocracking for WTW GHG emissions. Jacobs (2009) did not provide estimates for 
other types of in situ production methods, and assumed that all petroleum coke is 
stockpiled or buried at WCSB oil sands facilities. 

o In situ dilbit: We applied Jacob’s estimate for WTW GHG emissions from SAGD dilbit, 
assuming diluent is consumed at the refinery. Recirculation of diluent to Alberta was not 
included since diluent will not be recirculated by the proposed Project. 

o Mining SCO: We used Jacob’s estimate for mining SCO from delayed coking. 
 For TIAX (2009): 

o In situ SCO: We took a weighted average of WTW GHG emissions from SAGD SCO 
where petroleum coke is buried (i.e., TIAX’s “bury coke” scenario), and where it is used 
as a fuel (i.e., TIAX’s “use coke” scenario).  We assumed that 75 percent of petroleum 
coke is stockpiled, and 25 percent is used as fuel, based on data from ERCB (2010, p. 2-
30).25 

o In situ dilbit: We took the average of TIAX’s WTW GHG emissions estimates for 
facilities that export electricity and do not export electricity. We calculated a weighted 
average between dilbit from SAGD and CSS facilities, assuming 53 percent SAGD and 
47 percent dilbit, based on ERCB (2010, p. 2-22).26 

o Mining SCO: We used TIAX’s estimate for mining SCO, assuming that all petroleum 
coke is buried. TIAX did not investigate a scenario where petroleum coke produced from 
mining SCO is used as a fuel. 

 For NETL (2008):  
o Because NETL provided an average Canadian oil sands value assuming a 43 percent mix 

of blended bitumen and 57 percent SCO it was not necessary to calculate a weighted 
average, though as a result the underlying GHG intensities are not on an equal 
mathematical footing with the values computed from the Jacobs and TIAX studies. 
Because the NETL study did not decompose the value into its constituent parts, it was not 
possible for us to adjust the underlying percentages to represent the same pipeline mix..  

 
Table 5-2 provides the WTW GHG emission estimates in each study for the weighted-average WCSB oil 
sands crude likely to be transported in the proposed Project and the other reference crudes included in the 
scope of this assessment. These results are near-term averages for WCSB oil sands crudes likely to be 
transported in the proposed Project. They are based on current industry-average production mixes and 
practices, which are likely to change over time. 
 

                                                            
25 Based on industry-average practices reported by ERCB (2010, pp. 2-24, 2-30). Petroleum coke is produced at 
upgraders operated by Suncor Energy Inc., Syncrude Canada Ltd., Canadian Natural Resources Ltd. (CNRL), and 
Nexen Inc. Suncor represents 45 percent of SCO production from these facilities and uses roughly 26 percent of its 
petroleum coke as fuel, with 7 percent sold to other sources. Syncrude represents 46 percent of SCO production and 
uses 21 percent of petroleum coke as fuel. CNRL represents 8 percent of SCO production and stockpiles all of its 
coke. Nexen represents one percent of SCO production and gasifies all of its coke for process heat and hydrogen 
production. Weighting coke management practices by SCO production for each facility yields a coke stockpiling to 
use ratio of 75 to 25 percent across all facilities. 
26 According to ERCB (2010, p. 2-22) of in situ bitumen produced from SAGD and CSS, SAGD represented 53 
percent of production in 2009, and CSS accounted for 47 percent of production. Primary production of bitumen (i.e., 
using conventional oil production techniques) accounted for 32.9 thousand m3 per day, or 14 percent of total oil 
sands production in 2009, but was not included since GHG emission estimates for this production method were not 
provided in the studies included in the scope of this assessment. 
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Table 5-2: WTW GHG emissions estimates for weighted-average WCSB oil sands crude likely to be 
transported in the proposed Project and other reference crudes, by study 
Study Crude type WTW GHG emissions gCO2 per MJ (LHV) 
  Gasoline Diesel Kerosene/Jet fuel 
NETL 
2008, 
2009 

WCSB oil sands (average) 106 105 102 

 U.S. Average (2005) 91 90 88 
 Middle Eastern Sour 89 89 86 
 Mexican Maya 94 96 91 
 Venezuelan1 90 90 87 
Jacobs 
2009 

WCSB oil sands (average)2 107 / 1093 105 N/A 

  In situ SCO 118 / 1173 114 N/A 
  In situ dilbit 106 / 1083 103 N/A 
  Mining SCO 108 / 1083 105 N/A 
 Middle Eastern Sour 98 / 993 98 N/A 
 Mexican Maya 102 / 1023 103 N/A 
 Venezuelan 102 / 1023  100 N/A 
TIAX 
2009 

WCSB oil sands (average)2 104 95 N/A 

  In situ SCO 115 109 N/A 
  In situ dilbit 105 96 N/A 
  Mining SCO 102 92 N/A 
 Middle Eastern Sour 91 83 N/A 
 Mexican Maya 93 86 N/A 
 Venezuelan 102 91 N/A 
N/A = Estimates not available from study 
1“Venezuela Conventional” is used as the NETL reference crude for Venezuela Bachaquero in this analysis; this is 
amedium crude, not a heavy crude. 
2 Weighted-average of WCSB oil sands crudes, assuming 50 percent in situ-produced dilbit, 44 percent mining-
produced SCO, and six percent in situ-produced SCO. 
3 Jacobs (2009) provided results in terms of reformulated blendstock for gasoline blending (RBOB) and 
conventional blendstock for gasoline blending (CBOB); the results for gasoline are given here as RBOB / CBOB. 
 
Figure 5-1 indicates the GHG intensity of crudes likely to be transported in the proposed Project relative 
to each of the four reference crudes on a gasoline basis. Across all reference crude types, the results show 
a 2 to 19 percent increase in WTW GHG emissions from the weighted-average mix of oil sands crudes 
expected to be transported in the proposed Project relative to the reference crudes in the near term. 
Heavier crudes generally take more energy to produce and emit more GHGs than lighter crudes, and in 
particular, the weighted-average WCSB oil sands crude is currently more energy- and carbon-intensive 
than lighter crudes like Middle Eastern Sour. 
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Figure 5-1: Percent change in near-term WTW weighted-average GHG emissions from WCSB oil sands 
crudes relative to reference crudes   
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Notes: In this chart, all emissions are per MJ of reformulated gasoline with the exception of NETL 2009, which is 
per MJ of conventional gasoline.  
“Venezuela Conventional” is used as the NETL reference crude for Venezuela Bachaquero in this analysis; this is a 
medium crude, not a heavy crude; thus, the NETL values are compared against a lighter Venezuelan reference crude 
than other studies. 
The percent differentials refer to results for scenarios from the various studies and are calculated using the oil sands 
results relative to the corresponding study’s reference crude, with one exception: for the 2005 U.S. average crude, all 
studies are compared to the value from NETL.  
 

5.2 Incremental GHG emissions from displacing reference crudes with WCSB oil sands 
crudes in U.S. refineries 

 
This section applies weighted-average WTW GHG emissions for WCSB oil sands crude to the expected 
initial and potential capacities of the proposed Project to calculate the potential total WTW GHG 
emissions added to the U.S. carbon footprint, on a life-cycle basis, from the crude transported by the 
proposed Project. We compare this against the WTW GHG emissions from an equivalent volume of each 
of the four reference crudes (i.e., U.S. average in 2005, Middle Eastern Sour, Mexican Maya, and 
Venezuelan Bachaquero) to calculate the total incremental GHG emissions from displacing these 
reference crudes with WCSB oil sands in U.S. refineries. These results only consider the effect of 
displacing these reference crudes in U.S. refineries—they do not estimate how global GHG emissions 
would be affected by the proposed Project. This was addressed in the EnSys (2010) analysis, discussed 
elsewhere in the EIS. 
 
In order to assess the total WTW GHG emissions associated with weighted-average WCSB oil sands 
crudes likely to be transported in the proposed Project, it is necessary to account for the various refined 
products produced from the crude. Therefore, we convert the crude pipeline capacity from barrels of 
crude to an equivalent yield of gasoline and distillate products (i.e., the functional unit of per barrel of 
premium refined fuel products) using the data provided in Table 5-3 for each respective study. NETL and 
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TIAX provide average U.S. refinery yields of gasoline and distillates, whereas Jacobs provides yields for 
individual crudes, including WCSB SCO and dilbit. 
 
Table 5-3. Yield of gasoline and distillates and equivalent barrels of gasoline and distillates from 100,000 
barrels of crude oil (MMTCO2e) 
Study1 Yield of gasoline and 

distillates2 per barrel of 
crude oil 

Equivalent barrels of 
gasoline and distillates 
produced from 100,000 

barrels of crude oil 

Source 

NETL 77% 77,000 NETL 2008, p. 83 
Jacobs 95% 94,738 Jacobs 2009, p. 5-18 
TIAX 82% 82,114 TIAX 2009, p. E-1 

1 The NETL and TIAX yields are based on average U.S. refinery product yields, whereas the Jacobs yield is based on the product 
yield from refining SCO and dilbit crudes. 
2 The yield of gasoline and distillates (i.e., premium fuel products) is calculated for each study as the total volume of gasoline, 
diesel, and kerosene or kerosene-based jet fuel, divided by total refinery output. 
 
The WTW GHG intensity of weighted-average WCSB oil sands crude likely to be transported in the 
proposed Project and other reference crudes are shown in Table 5-2 in terms of the functional unit of per 
MJ of gasoline, diesel, and jet fuel products. We converted the GHG intensities to a weighted-average 
functional unit of barrels of gasoline and distillates (i.e., the total sum of gasoline, diesel, and jet fuel 
products) based on the relative yield of gasoline and distillates from each study.27,28 
 
With similar functional units (i.e., barrels of gasoline and distillates) of the crude transported via the 
proposed Project and the weighted average WTW GHG emissions associated with oil sands crudes 
production, total WTW GHG emissions are calculated based on operational volume capacities of the 
pipeline. Similarly, the WTW GHG emissions associated with reference crudes is calculated in terms of 
the functional unit of barrels of gasoline and distillate yield based on operational volume capacities of the 
pipeline.  
 
Using the weighted-average estimate for the mix of WCSB oil sands crudes likely to be transported in the 
proposed Project, the incremental annual WTW GHG emissions associated with displacement of 100,000 
barrels of each reference crude oil per day with WCSB oil sands crude oil are shown in Table 5-3. The 
incremental GHG emissions were calculated by subtracting from the WTW GHG emissions an equivalent 
displaced volume of each reference crude. Note that these estimates provide an example of the potential 
effect on the U.S. carbon footprint on a life-cycle basis as result of the crude oil displacement in PADD 
III refineries; on a global scale, emissions are not likely to change. 
 
 
 

                                                            
27 For NETL, the relative yield of gasoline, diesel, and kerosene/jet fuel as a percentage of gasoline and distillates is  
58%, 30%, and 12% respectively based on the volumetric fraction of total refinery production (NETL 2008, Table 
4-54). For Jacobs, the relative yield of RBOB, CBOB, and diesel was calculated for each crude based on the refinery 
product yields in Table 5-4 (2009, p. 5-18). For TIAX, the relative yield of gasoline, diesel, and jet fuel is 57%, 
32%, and 11% respectively, based on the U.S. average modeling results provided in Table E-1 (2009, p. E-1). 
28 Since TIAX did not provide GHG intensity results for jet fuel, ICF calculated the weighted-average assuming that 
the GHG intensity was similar to diesel on an energy basis, and using the energy content values for diesel and jet 
fuel in Table E-1. 
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Table 5-4. Incremental annual GHG emissions of displacing 100,000 barrels per day of each reference crude 
with WCSB oil sands (MMTCO2e) 

 Study U.S. Average 
(2005) 

Middle 
Eastern Sour 

Mexican 
Maya 

Venezuelan 

NETL, 20091 2.3 2.5 1.7 2.4 
Jacobs, 2009 2.7 1.3 0.5 0.4 
TIAX, 20091 1.2 2.0 1.6 0.5 

Note: Venezuelan conventional crude values for NETL refer to a medium crude, not the heavy crude Venezuelan 
Bachaquero.   
1 The NETL and TIAX studies allocate a portion of GHG emission to co-products other than gasoline, diesel, and jet 
fuel products, which are not accounted for in these estimates. As a result, incremental GHG emissions are 
underestimated for these studies.  
 
The NETL and TIAX studies allocate a portion of  GHG emissions to co-products other than gasoline, 
diesel, and jet fuel products, and these emissions are not included in the WTW GHG results shown in 
Table 5-2. As a result, the incremental GHG emissions estimates for TIAX and NETL in Table 5-4 
underestimate total incremental GHG emissions. 29 Jacobs (2009), however, attributes all GHG emissions 
associated with other co-products (e.g., light ends, petroleum coke, sulfur) to the premium fuels, so the 
incremental GHG emissions for Jacobs (2009) do take into account the production and use of these co-
products. 
 
As noted earlier in this chapter, based on the EnSys (2010) analysis, the proposed Project would not 
substantially influence the rate or magnitude of oil extraction activities in Canada, or the overall volume 
of crude oil transported to the United States or refined in the United States.  Thus, from a global 
perspective, the project is not likely to result in incremental GHG emissions.  However, from the 
standpoint of the U.S. carbon footprint, on a life-cycle basis, displacing reference crudes with oils sands 
crudes could result in an increase in the footprint.   
 
As noted elsewhere in the EIS, the initial throughput of the proposed Project is projected to be 700,000 
barrels of crude per day with a potential capacity of 830,000 barrels per day.30 To the extent that Middle 
Eastern Sour is the world balancing crude, as indicated in EnSys (2010), it may ultimately be the crude 
that is backed out of the world market by WCSB oil sands crudes from the proposed Project. Taking into 
account the weighted-average mix of WCSB oil sands (e.g., SCO versus dilbit) in the near term 
transported through the proposed Project, this increase is likely in the range of 9 to 17 MMTCO2e 
annually at initial pipeline capacity or 11 to 21 MMTCO2e annually at potential capacity. This 
incremental increase in GHG emissions is calculated by multiplying the expected proposed Project 
throughput by the yield of gasoline and distillates from oil sands crudes and by the weighted-average 
WTW GHG intensity of oil sands crudes that will be transported in the pipeline, then subtracting WTW 
GHG emissions from the equivalent quantity of Middle Eastern Sour crude. The lower bounds of 9 and 
11 MMTCO2e for the initial and potential capacities, respectively, are calculated from Jacobs (2009) 
results; the upper bounds of 17 and 21 MMTCO2e for the initial and potential capacities, respectively, are 
calculated with NETL (2009) results.  
 
                                                            
29 NETL (2008) and TIAX (2009) do not provide explicit emissions intensity factors or product yields in a format 
that enables separate emissions estimates to be developed for these products. These products are largely remaining 
fractions of the input crude that cannot be converted into premium products, and take relatively little incremental 
energy and GHG emissions to produce. For example, TIAX (2009, p. 34; Appendix D, p. 42) found that the change 
in refinery energy use associated with an incremental barrel output of co-products other than gasoline, diesel, and jet 
fuel contributed to less than one percent of total energy use and GHG emissions per barrel of refined product. 
30 We assumed the pipeline would be operating 365 days a year at an initial capacity of 700 thousand barrels per 
day. 
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From another perspective, if the proposed Project is built, and the refineries continue using about the 
same input mix of heavy crudes as they currently use, Venezuelan Bachaquero or Mexican Mayan are 
likely to be displaced by WCSB oil sand crudes.  The incremental GHG emissions from the initial 
throughput of 700,000 barrels per day in comparison to these crudes is likely in the range of 3 to 16 
MMTCO2e annually as compared to Venezuelan reference crudes (with the upper end being the NETL 
value for a medium, rather than heavy, crude) and 4 to 12 MMTCO2e annually as compared to Mexican 
Maya. Scaling up the calculation for a scenario using the potential throughput of 830,000 barrels per day 
of WCSB, the incremental increase in GHG emissions is in the range of 4 to 20 MMTCO2e annually as 
compared to Venezuelan reference crudes, and 4 to 14 MMTCO2e annually as compared to Mexican 
Maya.    
 
The full range of incremental GHG emissions estimated across the reference crudes and sub-set of studies 
is 3 to 19 MMTCO2e annually at the initial throughput or 4 to 22 MMTCO2e at the potential throughput. 
This overall range of 3 to 22 MMTCO2e is equivalent to annual GHG emissions from the combustion of 
fuels in approximately 588,000 to 4,314,000 passenger vehicles or the CO2 emissions from combusting 
fuels used to provide the energy consumed by approximately 255,000 to 1,869,000 homes for one year.31 
 
The increments presented here are based on life-cycle emission estimates for current or near-term 
conditions in the world oil market.  Over time, however, the GHG emission estimates for fuels derived 
from both WCSB oil sands crude oils and the reference crude oils are likely to change.  For instance, it 
will become more energy-intensive to produce reference crudes over time as fields mature and secondary 
and tertiary recovery techniques, such as CO2 flooding are required to maintain production levels (see 
section 4.2.2.1).  
 
At the same time, in situ extraction methods are projected to represent a larger share of the overall oil 
sands production – increasing from about 45 percent of 2009 oil sands production to an estimated 53 
percent by 2030 (ERCB 2010). In particular, the share of SAGD in situ extraction methods are projected 
to rise from roughly 15 percent in 2009 to 40 percent of oil sands production in 2030 (CERA 2010).32 
Although it is unclear how the GHG-intensity of reference crudes relative to WCSB oil sands crudes will 
change over time,  we consider it likely that GHG intensity for future reference crudes will trend upwards 
at a slightly faster rate than WCSB oil sands-derived crudes. If this is the case, the differential in WTW 
GHG emissions of WCSB oil sands crudes is likely to decrease relative to reference crudes.  
 
 
6.0 KEY FINDINGS 
 
LCA is a useful analytic tool for evaluating the climate change implications of refining one fuel source in 
the United States relative to another. It is suitable for this application because it allows for a more 
complete understanding of the climate change impacts.  The GHGs associated with extraction of crude 
from a reservoir through combustion of refined fuel in vehicles can be expressed in a single metric of 
CO2-equivalent GHG emissions per unit of transportation fuel; the emissions have the same effect on 
global climate change regardless of where they are emitted (e.g., whether in Alberta, Saudi Arabia, 
Venezuela, or Mexico during crude production and widely dispersed during fuel combustion).  In 
addition, LCA has a precedent and regulatory standing in similar fuel-related policy issues, such as EPA’s 
Renewable Fuel Standard (RFS2) and the State of California’s Low Carbon Fuel Standard (LCFS). 

                                                            
31 Equivalencies based on EPA’s GHG Equivalency calculator available at: http://www.epa.gov/cleanenergy/energy-
resources/calculator.html 
32 Although the balance of mining and in situ extraction will change in the future, there are incentives for producers 
to keep GHG intensity as low as possible.  For example, Alberta’s climate policy requires that oil sands producers 
and other large industrial GHG emitters reduce their emissions intensity by 12 percent from an established baseline.   
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Applying LCA to petroleum systems is at the cutting-edge of LCA state of the art. The complex life cycle 
of fuels requires the consideration of a large number of analytical design issues. As discussed in section 
4.1, these include developing rules for how to handle co-products (section 4.1.4) within the study’s 
system boundaries or to allocate the GHG emissions associated with production and use of these outputs 
outside of the boundaries. The choice of functional unit (section 4.1.5)—whether in terms of a barrel of 
crude, a barrel of refined premium fuel products (including or excluding co-products), or a barrel of a 
specific product such as gasoline or diesel—also influences the presentation of the results. Finally, the 
design life of the proposed Project and the likelihood of substantial changes in emissions intensity over 
time make the results sensitive to the study timeframe (section 4.1.2) and any assumptions used to 
forecast future trends in technology, fuel use, global oil supply, and extraction methods.  It is necessary to 
be aware of each LCA study’s treatment of these issues in order to understand the results and to make 
meaningful comparisons of the life-cycle GHGs from different crude sources.   
 
In addition, information on a large number of individual inputs and assumptions (section 4.2) is necessary 
to capture the relative life-cycle GHG emissions between fuels in sufficient detail. In many cases, key 
information and data sources are proprietary or not otherwise publicly available, which reduces the 
quality or transparency (section 4.3) (and sometimes both) of the final results.  This can make it difficult 
to resolve discrepancies between different studies or to identify the underlying drivers behind variation in 
the results of WTW LCAs. 
 
Despite the wide variation in design, inputs, and assumptions within the LCA studies reviewed, several 
key findings emerge.  The following findings are clearly supported by the LCA results: 
 

1. WCSB crudes, as likely transported through the proposed Project, are on average more 
GHG-intensive than the crudes they would displace in the United States.  In a comparison of 
the relative increase in weighted-average GHG emissions between WCSB oil sands-derived 
crudes that would likely be transported by the proposed Project and other reference crudes, each 
of the three most comprehensive and comparable WTW studies show that WCSB oil sands have 
higher life-cycle GHG emissions than the four reference crudes. The difference between WCSB 
oil sands and heavy Mexican and Venezuelan crudes is narrower than lighter crudes, such as 
Middle Eastern Sour. Thus, the life-cycle carbon footprint, for transportation fuels produced in 
U.S. refineries, would increase if the project were approved. 

 
2. Based on the EnSys (2010) analysis, the proposed Project would not substantially influence the 

rate or magnitude of oil extraction activities in Canada, or the overall volume of crude oil 
transported to the United States or refined in the United States.  Thus, from a global perspective, 
the project is not likely to result in incremental GHG emissions.   However, from the 
standpoint of the U.S. carbon footprint, on a life cycle basis, displacing reference crudes with oils 
sands crudes could result in an increase in the footprint.  We estimate that the effect of 
importing WCSB oil sands crudes through the proposed Project on the U.S. GHG life-cycle 
carbon footprint is between 3 to 22 MMTCO2e. The incremental increase depends upon (i) the 
throughput of the pipeline, (ii) the mix of oil sands crudes transported by the pipeline, and (iii) the 
GHG-intensity of the crudes in the pipeline compared to the crudes they displace.  

 
3. A large source of variance for a given crude across the studies is the treatment of lower-

value products such as petroleum coke, electricity exports from cogeneration, and 
secondary carbon effects such as land-use change and capital equipment.  The primary flows 
of energy and carbon from the premium fuel products produced at the refinery are generally well-
understood and characterized across the various studies. In contrast, the treatment of lower-value 
products, electricity imports and exports, and secondary carbon flows varies widely across the 
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various studies, as shown in Table 4-10. Many of these factors have a medium to large effect on 
WTW emissions. The different treatments of secondary flows contribute to a large portion of the 
variation in the results across the studies.  
 

4. Upgrading bitumen to allow its flow through a pipeline shifts a portion of the GHG 
emissions from refining to further upstream in the life cycle, i.e., just prior to crude 
transport. Upgrading bitumen into SCO removes the light ends and heavy residuum ahead of 
transport to the refinery. As a result, a barrel of SCO will produce a greater quantity of premium 
products than a barrel of “full-range” reference crudes that have not been upgraded. Furthermore, 
a barrel of dilbit contains 30 percent diluents (that do not make significant contribution to 
gasoline) and 70 percent bitumen (with a high fraction of residuum, requiring a higher amount of 
energy intensive coking to make gasoline and distillate fuels along with a higher fraction of 
petroleum coke than light crudes). Although a number of studies did not account for this effect, 
refinery models used by Jacobs (2009) and TIAX (2009) validated this result. Studies that do not 
account for the reduction in refinery energy use for SCO will overestimate the GHG emissions 
from SCO relative to other crude sources. 

 
5. The relative GHG-intensity of both reference crudes and oil sands-derived crudes will 

change differently over time. The studies reviewed in this assessment represent a current 
snapshot of life-cycle emissions within the studies for given reference years, shown in Table 4-
10. The life-cycle GHG emissions of both WCSB oil sands and reference crudes, however, will 
change differently over time. Conventional (deep) crude reservoirs require higher energy 
intensive secondary and tertiary production techniques as the reservoirs deplete and as water cut 
of the produced reservoir fluids increases, and even the best recovery techniques capture less than 
50 percent of the original oil in place. Surface mining of the oil sands – given the vast aerial 
extent of the WCSB and that mining recovers 100 percent of the crude oil in place – is expected 
to have a relatively constant energy intensity long into the future. 
 

6. The largest share of GHG emissions from the fuel life-cycle occurs from combustion of the 
fuel itself, regardless of the study design and input assumptions. The study design and input 
assumption factors discussed above concern only 20 to 30 percent of the WTW GHG emissions 
for most fuels. The remaining 70 to 80 percent result from combustion of refined fuel products. 
Figure 6-1 shows the contribution from fuel combustion (i.e., tank-to-wheel or TTW emissions) 
relative to extraction, refining, transportation and distribution (i.e., WTT emissions) for gasoline 
produced from reference and oil sands-derived crudes (NETL 2008). When WTT emissions and 
combustion emissions are evaluated together, the percentage change in WTW GHG emissions are 
much smaller than on a WTT basis. 
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Figure 6-1: WTW GHG emissions by life-cycle stage for WCSB oil sands average crude (i.e., Canadian oil 
sands) and reference crudes (developed with results data from NETL 2009) 
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* Includes upgrading for WCSB oil sands 
 
In contrast with the above list of robust findings, the results from the studies included in the scope of this 
assessment differ on the following points: 
 

1. It is not clear whether WCSB oil sands-derived crudes are currently more GHG-intensive 
than other heavy crudes or crudes with high flaring rates.  The life-cycle GHG emissions of 
WCSB oil sands crudes can fall within the same range as heavier crudes—such as heavy 
Venezuelan crude oil and California heavy oil—and lighter crudes that are produced from 
operations that flare most of the associated gas (e.g., Nigerian light crude). The overall results 
vary by study, however, and are driven by study design factors, such as the type of WCSB oil 
sands extraction method evaluated, the extraction methods and properties of the reference crude 
that WCSB oil sands crudes are compared against, as well as study-specific inputs and 
assumptions including treatment of petroleum coke, cogeneration, and secondary carbon flows.  

 
2. There is no common set of LCA boundaries or metrics for comparison of WTW GHG 

emissions across different fuels and crudes. For example, key design issues where studies 
differ include: (i) treatment of petroleum coke and lower-value products; (ii) the functional unit, 
or metrics used to present WTW GHG emissions; (iii) methods of estimating and including 
secondary carbon flows, such as direct and indirect land use change, capital infrastructure. In 
some cases (e.g., selection of LCA boundaries and functional unit), these issues will be 
determined by the ultimate goal or purpose of the study; in other cases, there is no established 
method or approach for including certain emissions (e.g., land-use change and capital equipment). 
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3. It is not clear how changes in technology will affect the relative GHG-intensity of reference 
crudes and WCSB oil sands-derived crudes, but we believe the gap between these crudes is 
more likely to narrow than widen. The life-cycle GHG emissions of WCSB oil sands and 
reference crudes will change over time, but it is not clear how these changes will impact the 
relative GHG emissions of reference crudes relative to WCSB oil sands crudes. On one hand, 
secondary and tertiary recovery techniques will become necessary to extract larger shares of oil, 
increasing the GHG emissions of reference crudes. ExxonMobil has made the point in “The 
Outlook for Energy, A View to 2030,” 2005 Edition, that the best tertiary recovery techniques can 
recover approximately 40 to 45 percent of the original oil in place, and while the industry does 
not know what the next best extraction techniques will be, the industry will not leave 55 percent 
of the World’s proven reserves in the ground. Exploration for new oil reservoirs will also 
continue, while the location and extent of WCSB oil sands is well understood. On the other hand, 
in situ extraction—which is generally more energy- and GHG-intensive than mining—will  
represent a larger share of oil sands production in the future, although technical innovation will 
likely continue to reduce the GHG-intensity. Technologies for combusting or gasifying petroleum 
coke may also become more prevalent in WCSB oil sands (or reference crude) operations, 
increasing GHG emissions. Over the longer term, CCS technologies could capture and sequester 
CO2 emissions, reducing the GHG footprint of WCSB oil sands crudes; the timeframe for 
adoption of CCS at oil sands facilities is highly uncertain (on the order of two or more decades), 
and similar technologies would be applicable to concentrated streams of CO2 released from 
reference crude production facilities.  
 

4. The oil sands’ GHG results do not necessarily represent the average or actual oil sands 
composition (i.e., the types and shares of oil sands-derived crudes) that would flow through 
the proposed Project pipeline.  Some studies provide averages (e.g., NETL provides a WCSB 
oil sands average that comprised of 57 percent SCO and 43 percent bitumen; IHS CERA provides 
an average for WCSB oil sands imported to United States assuming 55 percent dilbit and 45 
percent SCO) while others include results for several types of oil sands and different scenarios 
that vary the treatment of petroleum coke and other factors.  Elsewhere in this EIS, DOS assumes 
that the average crude oil flowing through the pipeline would consist of about 50 percent Western 
Canadian Select (dilbit) and 50 percent Suncor Synthetic A (SCO). Although  an “average” 
GHG-intensity estimate for WCSB oil sands allows for a direct comparison to other reference 
crudes imported to the United States, it is difficult to characterize the “average” mix due to 
variations and uncertainty in: (i) methods of producing bitumen from oil sands deposits (i.e., 
mining versus in situ), (ii) fuel sources used (e.g., combustion of petroleum coke versus natural 
gas, export of electricity), and (iii) products produced from these operations (i.e., dilbit, synbit, 
and SCO). These mixes are likely to change over time as well. 

 
Table 6-1 provides a summary of the key drivers that influence the WTW GHG emissions from the 
studies included in this assessment. The vertical columns establish whether each driver results in an 
increase or decrease in GHG emissions from WCSB oil sands crudes relative to reference crudes, or if the 
result is uncertain. The horizontal rows group each driver according to its magnitude of impact on WTW 
GHG emissions (i.e., small, medium, or large), as discussed in sections 4.1, 4.2, and 4.4. The magnitude 
of impact is based on a synthesis of the estimates cited throughout the life-cycle studies reviewed.  
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Table 6-1: Summary of key factors, their magnitude of impact on WTW GHG emissions, and their effect on 
GHG emissions of WCSB oil sands crudes relative to reference crudes  
Magnitude 
of Impact1 

Change in GHG emissions of WCSB oil sands crudes relative to reference crudes 

Increase Decrease Uncertain 
Large  Inclusion of a credit for 

fuels offset by petroleum 
coke combustion at the 
refinery 

 Using residual products 
(such as petroleum coke) 
instead of natural gas at 
upgrading 

 Increased combustion of 
coke at oil sands facilities 

 Comparing WCSB oil 
sands crudes against 
lighter reference crudes 

 Comparing higher GHG-
intensity WCSB oil sands 
production methods (e.g., 
in situ) to reference 
crudes 

 For dilbit: re-circulating 
diluent from refineries 
back to Alberta 

 Inclusion of production 
and combustion 
emissions from petroleum 
coke and other co-
products produced at 
refinery 

 Including emissions 
credit for electricity 
export from oil sands 
facilities 

 Accounting for artificial 
lift, water, and gas 
treatment in reference 
crude production 

 Future increases in 
secondary and tertiary 
production of reference 
crudes 

 Comparing WCSB oil 
sands crudes against 
heavier reference crudes 

 Comparing lower GHG-
intensity WCSB oil sands 
production methods (e.g., 
mining) to reference 
crudes 

 Future changes in GHG-
intensity of oil sands 
crudes 

 Adoption of carbon 
capture and storage 
technologies  

 Including upstream 
production of purchased 
electricity and fuels 
brought on-site 

 Inclusion of emissions 
associated with capital 
equipment and 
infrastructure  
 

Medium  Including land use 
changes 

 Including methane 
emissions from mining 
tailings ponds 

 Assuming electricity 
exported from oil sands 
facilities offsets low 
GHG-intensity electricity 
generation (i.e., natural 
gas instead of coal) 

 Comparing oil sands 
derived crude with a 
relatively low SOR  

 For SCO: Including the 
effect that upgrading 
SCO has on downstream 
GHG emissions at the 
refinery 

 Accounting for carbon 
flows associated with 
land use change of 
reclaimed land  

Small  Including methane 
emissions from mine face 

 Inclusion of the 
transportation emissions 
associated with co-
products 

 Accounting for actual 
crude distance traveled 
and mode of 
transportation, including 
domestic transportation 
from oil field to port 

 Including fugitive 
emissions from all 
processing facilities 
 

1 Large = greater than approximately 3 percent change in WTW emissions. Medium = approximately 1 – 3 percent change in 
WTW emissions. Small = less than approximately 1 percent change in WTW emissions. 
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Final PHMSA Recommended Conditions for Keystone XL State Dept. Presidential Permit 

Document version February 10, 2011 

 

The Pipeline and Hazardous Materials Safety Administration (PHMSA) recommends that the 

U.S. Department of State impose the following conditions if a Presidential Permit will be granted 

to TransCanada Keystone Pipeline, LP (“Keystone”) to construct and operate the Keystone XL 

Pipeline (“Keystone XL” or the “pipeline”).  Specifically, the State Department should require 

Keystone to include all of the following in its written design, construction, and operating and 

maintenance plans and procedures: 

 

I. Material Requirements 

1) Steel Properties: The skelp/plate must be micro-alloyed, fine grain, fully killed steel with 

calcium treatment and continuous casting.  

 

2) Manufacturing Standards: Pipe must be manufactured according to American Petroleum 

Institute Specification 5L, Specification for Line Pipe (API 5L 44th Edition), product 

specification level 2 (PSL 2), supplementary requirements (SR) for maximum operating 

pressures and minimum operating temperatures.  Pipe carbon equivalents must be at or 

below 0.23% based on the material chemistry parameter, carbon equivalent (CE) (Pcm) 

formula (Ito-Bessyo formula) or 0.40% based on the C-IIW formula (International 

Institute of Welding formula). 

 

3) Fracture Control:  API 5L and other specifications and standards addressing the steel pipe 

toughness properties needed to resist crack initiation, crack propagation and to ensure 

crack arrest during a pipeline failure caused by a fracture must be followed.  Keystone 

must prepare and implement a fracture control plan addressing the steel pipe properties 

necessary to resist crack initiation and crack propagation.  The plan must include 

acceptable Charpy Impact and Drop Weight Tear Test values, which are measures of a 

steel pipeline’s toughness and resistance to fracture.  The fracture control plan must be in 

accordance with API 5L (44th Edition) and include the following tests: 
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a) Fracture Toughness Testing for Shear Area:  Test results must indicate at least 85% 

minimum average shear area per test for all X- 70 heats and 85% minimum shear 

area for all X- 80 heats with a minimum result of 80% shear area for any single 

test.  The test results must also ensure a ductile fracture and arrest; 

b) Fracture Toughness Testing for Absorbed Energy in accordance with Annex G and  

a minimum of 50 ft-lbs per heat on a full sized specimen at -5 degrees C/23 degrees 

F; and 

c) Fracture Toughness Testing by Drop Weight Tear Test for All New Pipeline 

Segments or Pipe Replacements:  Test results must be at least 85% of the average 

shear area for all heats with a minimum result of 60% of the shear area for any 

single test.  The test results must also ensure a ductile fracture and arrest. 

           The above fracture control plan must account for the entire range of pipeline operating 

temperatures, pressures and product compositions planned for the pipeline diameter, 

grade and operating stress levels, including maximum pressures and minimum 

temperatures for shut-in conditions.  Where the use of stress factors, pipe grade, operating 

temperatures and product composition make fracture toughness calculations non-

conservative, correction factors must be used.   

 

4) Steel – Plate, Coil or Skelp Quality Control and Assurance: Keystone must prepare and 

implement an internal quality management program at all mills involved in producing 

steel plate, coil, skelp, and pipe to be operated in the pipeline.  These programs must be 

structured to detect and eliminate defects, inclusions, non-specification yield strength, 

and tensile strength properties, and chemistry as affecting pipe quality.  

a) A mill inspection program or internal quality management program must include 

the following: 

(i) Non-destructive test of the ends and at least 35 percent of the surface 

of the plate, coil or pipe shall be performed to identify imperfections 

such as laminations, cracks, and inclusions that may impair 

serviceability.  100 percent of the pipe sections must be tested.  

Surface ultrasonic shall be done in accordance with American Society 

of Testing and Materials (ASTM) A578/A578M Level B or 
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equivalent, to acceptance Level B.  Pipe ends shall be inspected by 

ultrasonic, magnetic particle or liquid penetrant methods, with 

acceptance criteria as outlined in Clause 9.10.4 or API 5L (44th 

Edition).   

(ii) A macro etch test or other equivalent method to identify inclusions 

that may form centerline segregation during the continuous casting 

process shall be performed.  Use of sulfur prints is not an equivalent 

method.  The test must be carried out on a slab from the first heat of 

each sequence, and graded with an acceptance criteria of one or two on 

the Mannesmann scale or equivalent;  

(iii) A quality assurance monitoring program implemented by the operator 

shall include evaluations of:  

a. all steelmaking and casting facilities;  

b. quality control plans and manufacturing procedure 

specifications;  

c. equipment maintenance and records of conformance;  

d. procedures for controls on superheat and casting speeds, steel 

rolling temperatures and cooling temperatures; 

e.  additional mechanical and chemical properties tests based 

upon steel grade, plate or coil, and must be selected based 

upon knowledge of patterns of property variability in the coils 

and plate based upon the steel making process and rolling and 

cooling temperatures to assure that steel properties are not 

variable; 

f. A verification program to ensure the pipe mill is taking into 

account all yield and tensile strength losses that may occur in 

the coiling and pipe rolling processes to ensure that the 

finished pipe has yield and tensile strengths that meet API 5L 

specifications;  

g. Coils and plate with casting and rolling process deviations 

that may affect steel properties must have a re-verification of 
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mechanical and chemical properties on the pipe heat 

conducted at pipe location to ensure there are no variability in 

the pipe;  

h. The pipe supplier must notify Keystone of all instances that 

do not meet the above items prior to supplying the pipe to 

Keystone; and 

i. Procedures for centerline segregation monitoring to ensure 

mitigation of centerline segregation during the continuous 

casting process. 

(iv) Pipe end tolerances must be applied so that there are no flat spots on 

the pipe that could affect welding quality.  From each pipe mill, the 

end tolerances on pipe diameter must not exceed the range given in 

API 5L, Forty-Fourth (44th) Edition, Table 10, for any given pipe wall 

thickness.  Keystone must demonstrate compliance with API 5L 44th 

Edition Table 10 by providing to the appropriate PHMSA Region 

Director(s), Central, Western, and Southwest Region, a histogram of 

end tolerance and wall thickness data representing physical evidence 

of compliance for a minimum of 10% of the pipe manufactured by 

each pipe mill facility. 

(v) During construction, if pipe supplied from varying pipe mills cannot 

be preferentially strung, histograms and field weldability tests should 

be conducted to ensure that excessive high low is not in 

production/field welds. 

 

5) Pipe Seam Quality Control:  Keystone must prepare and implement a quality assurance 

program for pipe weld seams.  The pipe weld seam tests must meet the minimum 

requirements for tensile strength in API 5L for the appropriate pipe grade properties. A 

pipe weld seam hardness test using the Vickers hardness testing of a cross-section from 

the weld seam must be performed on one length of pipe from each heat.  The maximum 

weld seam and heat affected zone hardness must be a maximum of 280 Vickers hardness 

(Hv10).  The hardness tests must include a minimum of three (3) readings for each heat 
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affected zone, three (3) readings in the weld metal and two (2) readings in each section of 

pipe base metal for a total of thirteen (13) readings.  The pipe weld seam must be 100% 

UT inspected after expansion and hydrostatic testing per APL 5L. 

 

6) Monitoring for Seam Fatigue from Transportation:  Keystone must inspect the double 

submerged arc welded seams of the delivered pipe using properly calibrated manual or 

automatic ultrasonic testing techniques.  For each lay down area, a minimum of one (1) 

pipe section from the bottom layer of pipes of the first five (5) rail car shipments from 

each pipe mill must be inspected.  For longitudinal weld seams, the entire seam must be 

tested.  For helical seam submerged arc welded pipe, the weld seam in the area along the 

transportation bearing surfaces and all other exposed welded areas during the test must be 

tested.  All the results must be appropriately documented.  Each pipe section test record 

must be traceable to the pipe section tested.   

 

7) Puncture Resistance:  Steel pipe must be puncture resistant to an excavator weighing up 

to 65 tons with a general purpose tooth size of 3.54 inches by 0.137 inches.  Puncture 

resistance will be calculated based on industry established calculations such as the 

Pipeline Research Council International’s Reliability Based Prevention of Mechanical 

Damage to Pipelines calculation method. 

 

8) Mill Hydrostatic Test:  The pipe must be subjected to a mill hydrostatic test pressure of 

95% SMYS or greater for 10 seconds. The 95% stress level may be achieved using a 

combination of internal test pressure and the application of end loads imposed by the 

hydrostatic testing equipment as allowed by API 5L, Clause 10.2.6.6. 

 

9) Pipe Coating: The application of a corrosion resistant coating to the steel pipe must be 

performed according to a coating application quality control program.   The program 

must address pipe surface cleanliness standards, blast cleaning, application temperature 

control, adhesion, cathodic disbondment, moisture permeation, bending, minimum 

coating thickness, coating imperfections and coating repair. All pipe must be protected 

against external corrosion by non-shielding: coatings, repair coatings and protective 
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material used to protect the pipe from rock damage. Holiday detection must include 

appropriate calibration of jeeping equipment on a holiday that extends through the 

coating to the metal of the pipe to be jeeped prior to use each working day.  Jeeping 

voltages must be set at a minimum of twenty-five hundred Volts (2500 V) for fusion 

bond epoxy (FBE), with higher voltages to be considered based on the coating type, 

thickness (maximum and minimum), grounding and field conditions that day.  For other 

coatings, minimum voltage settings need to be established by determining the nominal 

coating thicknesses and coating type. The pipe should be free of any excess debris prior 

to running the jeeping equipment over the area.  Visual inspection for holidays and 

coating damage should complement the use of jeeping equipment.  

 

All pipe coating must be checked by usage of holiday detection equipment prior to 

backfill and FBE coated pipe must be checked with holiday detection equipment set at a 

minimum of twenty-five hundred Volts (2500 V) prior to backfill.   All coating defects 

must be repaired and re-checked prior to backfill.  To the extent practicable, Keystone 

shall jeep the coating at the same voltage in the coating mill as in the field. 

 

 

II. Construction Requirements 

10) Field Coating:  Keystone must implement field girth weld joint coating application 

specification and quality standards to ensure pipe surface cleanliness, application 

temperature control, adhesion quality, cathodic disbondment, moisture permeation, 

bending, minimum coating thickness, holiday detection and repair quality.  Field joint 

coatings must be non-shielding to cathodic protection (CP).  Field coating applicators 

must use valid qualified coating procedures and be trained to use these procedures.  

Holiday detection must include appropriate calibration of jeeping equipment on a holiday 

that extends through the coating to the metal of the pipe to be jeeped prior to use each 

working day.  Jeeping voltages must be set at a minimum of twenty-five hundred Volts 

(2500 V) for FBE, with higher voltages to be considered based on the grounding and field 

conditions that day.  For other coatings such as for girth weld coatings, minimum voltage 

settings need to be established by determining the nominal coating thicknesses 

(maximum and minimum) and type coating used for application.  The pipe should be free 
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of any excess debris prior to running the jeeping equipment over the area.  Visual 

inspection for holidays and coating damage should complement the use of jeeping 

equipment. 

  

11) Coatings for Trenchless Installation:  Coatings used for directional bore, slick bore and 

other trenchless installation methods must be capable of resisting abrasion and other 

damage that may occur due to rocks and other obstructions encountered in this 

installation technique. 

 

12) Bends Quality:  Keystone must obtain and retain certification records of factory induction 

bends and factory weld bends.  All bends, flanges and fittings must have carbon 

equivalents (CE) equal to or below 0.42 or a pre-heat procedure must be applied prior to 

welding for CE above 0.42 on the CE-II W Formula (International Institute of Welding 

formula). 

 

13) Fittings:  All pressure rated fittings and components (including flanges, valves, gaskets, 

pressure vessels and pumps) must be rated for a pressure rating commensurate with the 

Maximum Operating Pressure (MOP) of the pipeline.   

 
14) Pipeline Design Factor - Pipelines:  Pipe installed must comply with the 0.72 design 

factor in 49 CFR § 195.106.   

 
a) At least six (6) months prior to beginning construction of the Keystone XL 

pipeline, Keystone must review with the appropriate PHMSA Regional 

Directors in Central, Western, and Southwest Regions how High Consequence 

Areas (HCAs) which could be affected, as defined in 49 CFR § 195.450, were 

determined (including commercial navigable waterways, high population 

areas, other populated areas, and unusually sensitive areas, including aquifers 

as defined in 49 CFR §195.6) were determined, and the design of the pipeline 

associated with those segments.  Keystone must identify piping and the design 

of piping located within pump stations, mainline valve assemblies, pigging 

facilities, measurement facilities, road crossings, railroad crossings, and 
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segments operating immediately downstream and at lower elevations than a 

pump station.  Keystone must also provide any overland spread analyses in 

accordance with § 195.452(f) to support could affect determinations for water 

bodies more than 100 feet wide from high-water mark to high-water mark.  

b) Post construction, Keystone must conduct a yearly survey, not to exceed 

fifteen (15) months, to identify any changes on the pipeline system that would 

impact its designation or design. 

   

15) Temperature Control: Normal pump discharge temperatures should remain at or below 

120° Fahrenheit (°F).  If the temperature exceeds 120° F, Keystone must prepare and 

implement a coating monitoring program in these areas, using ongoing Direct Current 

Voltage Gradient (DCVG) surveys or Alternating Current Voltage Gradient (ACVG) 

surveys, or other testing to demonstrate the integrity of the coating.  Non-continuous 

discharge temperature “spikes” above 120 °F for less than ½ day duration will not be a 

cause for implementing the procedure, but Keystone must inform the appropriate 

PHMSA Regional Director if regular operation above 120 °F at pump station discharges 

will occur.  Under no circumstances may the pump station discharge temperatures exceed 

150° Fahrenheit (°F) without sufficient justification that Keystone’s long-term operating 

tests show that the pipe coating will withstand the higher operating temperature for long-

term operations, and approval from the appropriate PHMSA region(s).   

 

Pump Station Discharge Temperature – operating above 120° F and up to 150° F 

maximum, fusion bond epoxy (FBE) coating: 

a) Keystone must monitor coating performance in areas where operating temperatures 

have exceeded or will exceed 120° F to provide additional data on the long-term 

durability and integrity of FBE coatings at these temperatures.  Cathodic protection 

(CP) current requirements and coating surveys with DCVG (soil cover) and ACVG 

(pavement cover) will indicate if there is deterioration in the coating at the higher 

temperatures.   

b) For DCVG and ACVG coating evaluation survey results will be addressed as 

follows:   
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The threshold survey indication values are thirty-five percent (35%) IR for DCVG 

and 50dBµV for ACVG.  These values represent the mid range of the “Minor” 

category in the severity classification used to characterize survey indications in an 

ECDA program. 

c) Keystone shall excavate and remediate all indications found above the threshold 

values – Minor, Moderate and Severe categories. 

d) Keystone shall conduct a calibration dig on at least two anomalies of each 

classification that are classified as minor, moderate and severe to ensure findings 

that are not in the remediation plan are not detrimental to the pipeline. 

e) Keystone shall perform Holiday voltage tests (jeep), coating adhesion and coating 

cure tests at excavations.     

f) Keystone shall remove disbonded or blistered coating (with cracking and other 

damage that will compromise cathodic protection) found during excavations and 

shall apply new coating. 

g) Keystone shall perform baseline DCVG two and a half (2-1/2) years and five (5) 

years after operating above 120° F, and in concert with future in-line inspection 

(ILI) and close-interval (CIS) surveys, both initial and second ILI tool runs, not to 

exceed 90 days before or past the schedule interval. 

h) Keystone shall monitor surface temperatures of the pipe during winter and summer 

operating conditions at ‘0’ miles and at a downstream mileage to assure that the 

surface temperatures do not exceed 120° F.  If it is determined that the temperature 

at this point exceeds 120° F, the survey distance will be increased to the point 

where the temperature is below 120° F.  Keystone must survey based upon 

temperature measurements or a minimum of twenty (20) miles downstream of each 

pump station operating above 120° F.  

i) Keystone shall make repairs to FBE coatings with a compatible coating system that 

will bond together, be resistant to soil stresses, and not shield cathodic protection. 

 

16) Overpressure Protection Control:  Keystone must limit mainline pipeline overpressure 

protection to a maximum of 110% maximum operating pressure (MOP) during surge 

events consistent with 49 CFR § 195.406(b).  Before commencing operation, Keystone 
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must perform a surge analysis showing how the pipeline will be operated to be consistent 

with these overpressure protection conditions.  Keystone shall equip the pipeline with 

field devices to prevent overpressure conditions.  Remotely actuated valves should be 

fitted with devices that will stop the transit (intentional or uncommanded) of the mainline 

valve should an overpressure condition occur or an impending overpressure condition is 

expected.   Sufficient pressure sensors, on both the upstream and downside side of valves, 

must be installed to ensure that an overpressure situation does not occur.  Sufficient 

pressure sensors shall be installed along the pipeline to conduct real time hydraulic 

modeling, and which can be used to conduct a surge analysis to determine whether 

pipeline segments have experienced an overpressure condition.   

 

17) Construction Plans and Schedule:  At least ninety (90) days prior to the anticipated 

construction start date, Keystone must submit its construction plans and schedule to the 

appropriate PHMSA Directors in Central, Western, and Southwest Regions for review.  

Subsequent plans and schedule revisions must also be submitted to the appropriate 

Directors, PHMSA Central, Western, and Southwest Regions on a monthly basis.   

 

18) Welding Procedures for All New Pipeline Segments or Pipe Replacements:  For 

automatic or mechanized welding, Keystone shall use the 20th Edition of American 

Petroleum Institute 1104 (API 1104), “Welding of Pipelines and Related Facilities” for 

welding procedure qualification, welder qualification and weld  acceptance criteria.  

Keystone shall use the 20th Edition of API 1104 for all other welding processes.  At least 

twenty-one (21) days prior to the beginning of any welding procedure qualification 

activities, Keystone shall notify the appropriate PHMSA Directors in Central, Western, 

and Southwest Regions.  Keystone shall submit automated or manual welding procedure 

documentation to the same PHMSA regional office.   

a) Should non-destructive testing of field girth welds be conducted by usage of 

automated ultrasonic testing (AUT) API 1104, Appendix A, Keystone must conduct 

stress analysis for the welding procedures as required in API 1104, Appendix A, 

Paragraph A.2.  

b) Should API 1104, Appendix A, be used for welding, Keystone must conduct 
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individual procedure tests for each steel supplier and for each girth weld with mixed 

steel suppliers. 

c) All welding procedures, AUT procedures and pipe lifting procedures for field 

construction crews must be documented in construction procedures and field 

construction crews must be trained in the procedure requirements prior to 

conducting welding and girth weld AUT in accordance with API 1104, 

Appendix A. 

d) Keystone shall nondestructively test all girth welds in accordance with 49 CFR 

§§ 195.228, 195.230 and 195.234. 

 

19) Depth of Cover:  Keystone shall construct the pipeline with soil cover at a minimum 

depth of forty-eight (48) inches in all areas, except in consolidated rock.  The minimum 

depth in consolidated rock areas is thirty-six (36) inches.  Keystone shall maintain a 

depth of cover of 48 inches in cultivated areas and a depth of 42 inches in all other areas. 

In cultivated areas where conditions prevent the maintenance of forty-eight (48) inches of 

cover, Keystone must employ additional protective measures to alert the public and 

excavators to the presence of the pipeline.  The additional measures shall include: 

a) Placing warning tape and additional line-of-sight pipeline markers along the 

affected pipeline segment,   

b) In areas where threats from chisel plowing or other activities are threats to the 

pipeline, the top of the pipeline must be installed and maintained at least one foot 

below the deepest penetration above the pipeline, not to be less than 42-inches of 

cover.   

 
If a routine patrol (ground and/or aerial) or other observed conditions during 

maintenance, where farming, excavation, or construction activities are ongoing, or after 

weather events occur, indicate the possible loss of cover over the pipeline, Keystone must 

perform a depth of cover study and replace cover as soon as practicable, not to exceed six 

(6) months, to meet the minimum depth of cover requirements specified herein.  
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In addition to any depth of cover maintenance activities that may take place as a result of 

routine patrols, Keystone must perform a detailed depth of cover survey along the entire 

Keystone XL pipeline as frequently as practicable, not to exceed once every ten (10) 

years, and replace cover as soon as practicable, not to exceed six (6) months, to meet the 

minimum depth of cover requirements specified herein.  

 
20) Construction Tasks: Keystone must prepare and follow an Operator Qualification (OQ) 

Program for construction tasks that can affect pipeline integrity.  The Construction OQ 

program must comply with 49 CFR § 195.501 and must be followed throughout the 

construction process for the qualification of individuals performing tasks on the pipeline.   

 If the performance of a construction task can affect the integrity of the pipeline segment, 

the operator must treat that task as a “covered task,” notwithstanding the definition in 49 

CFR § 195.501(b), and must implement the requirements of Subpart G.  Keystone shall 

retain qualification records for each individual performing covered tasks during and after 

the construction of the pipeline, whether company or contract employee.  

 Keystone must prepare and follow a construction quality assurance plan, to ensure quality 

standards and controls of the pipeline, throughout the construction phase.  Such a plan 

shall include, at a minimum, provisions for the following: pipe inspection (at the last pipe 

shipping or storage location prior to stringing on the construction right of way, whether 

rail yard or pipe storage yard), hauling and stringing, field bending, welding, non-

destructive examination of girth welds, applying and testing field applied coating, 

lowering of the pipeline into the ditch, padding and backfilling, and hydrostatic testing.  

These tasks can affect the integrity of the pipeline segment and must be treated as 

covered tasks.  The individuals driving the pipe stringing trucks to the pipeline ROW 

would not need to be OQ qualified, unless they are responsible for the pipe unloading.   

 Other tasks that can affect pipeline integrity which must be treated as covered tasks 

include, but are not limited to, surveying, locating foreign lines, one call notifications, 

ditching, alternating current (AC) interference mitigation and mitigation, cathodic 

protection (CP) system surveys, mitigation and installation, conducting directional drills, 
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anomaly evaluations and repairs, right of way clean up (including installation of line 

markers), and quality assurance monitoring.  

Keystone must provide its construction OQ plan to the appropriate PHMSA Regional 

Director for review prior to beginning construction.  

 All girth welds must be inspected, repaired and non-destructively examined in 

accordance with 49 CFR §§ 195.228, 195.230 and 195.234.  The NDE examiner must 

have all required and current certifications. 

 

21) Interference Currents Control:  Control of induced AC from parallel electric transmission 

lines and other interference issues that may affect the pipeline must be incorporated into 

the design of the pipeline and addressed during the construction phase.  Issues identified 

and not originally addressed in the design phase must be brought to the attention of the 

applicable PHMSA Director(s) in Central, Western, and Southwest Regions.  Within six 

(6) months after placing the pipeline in service, Keystone must develop and implement an 

induced AC program to protect the pipeline from corrosion caused by stray currents. 

 

22) Pressure Test Level:  The pre-in service hydrostatic test must be to a pressure producing a 

hoop stress of a minimum 100% SMYS for mainline pipe and 1.39 times MOP for pump 

stations for eight (8) continuous hours. The hydrostatic test results from each test must be 

submitted in electronic format to the applicable PHMSA Director(s) in PHMSA Central, 

Western and Southwest Regions after completion of each pipeline.    

 

23) Assessment of Test Failures:  Any pipe failure occurring during the pre-in service 

hydrostatic test must undergo a root cause failure analysis to include a metallurgical 

examination of the failed pipe. The results of this examination must preclude a systemic 

pipeline material issue and the results must be reported to PHMSA headquarters and the 

applicable PHMSA Director(s) in Central, Western, and Southwest Regions within 60 

days of the failure. 

 

 III. Operations and Maintenance 
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24) Supervisory Control and Data Acquisition (SCADA) System:  Keystone must develop 

and install a SCADA system to provide remote monitoring and control of the entire 

pipeline system. 

 

25) SCADA System – General: 

a) Scan rate shall be fast enough to minimize overpressure conditions (overpressure 

control system), provide very responsive abnormal operation indications to 

controllers and detect small leaks within technology limitations.  

b) Must meet the requirements of regulations developed as a result of the findings of 

the National Transportation Safety Board (NTSB), Supervisory Control and Data 

Acquisition (SCADA) in Liquid Pipelines, Safety Study, NTSB/SS-05/02 

specifically including:  

i) Operator displays shall adhere to guidance provided in American 

Petroleum Institute Recommended Practice 1165 (API 1165 - First 

Edition), Recommended Practice for Pipeline SCADA Displays. This shall 

be implemented and performed at any location on the Keystone XL 

system where a SCADA system is used and where an individual is 

assigned the responsibility to monitor and respond to SCADA information 

(tanks terminals or facilities also). 

ii) Operators must have a policy for the review and audit of alarms for false 

alarm reduction and near miss or lessons learned criteria. This alarm 

review shall be implemented and performed at any location on the 

Keystone XL system where a SCADA system is used and where an 

individual(s) is assigned the responsibility to monitor and respond to alarm 

information (tanks terminals or facilities also). 

iii) SCADA controller training shall include simulator for controller 

recognition of abnormal operating conditions, in particular leak events.  A 

generic simulator or simulation shall not be allowed by itself as a means to 

meet this requirement.  A full simulator (console screens respond and react 

as actual console screens) shall be required and used for training of 

abnormal operating conditions (AOC’s) wherever possible. 
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iv) See item 29(b) below on fatigue management. 

v) Install computer-based leak detection system on all lines unless an 

engineering analysis determines that such a system is not necessary. 

c) Develop and implement shift change procedures for controllers that are 

scientifically based, sets appropriate work and rest schedules, and consider 

circadian rhythms and human sleep and rest requirements in-line with guidance 

provided by NTSB recommendation P-99-12 issued June 1, 1999.   

d) Verify point-to-point display screens and SCADA system inputs before placing 

the line in service. This shall be implemented and performed at any location on 

the Keystone XL system where a SCADA system is used and where an 

individual(s) is assigned the responsibility to monitor and respond to alarm 

information (tanks terminals or facilities also). 

e) Implement individual controller log-in provisions. 

f) Establish and maintain a secure operating control room environment. 

g) Establish and maintain the ability to make modifications and test these 

modifications in an off-line mode.  The pipeline must have controls in-place and 

be functionally tested in an off-line mode prior to any changes being implemented 

after the line is in service and prior to beginning the line fill stage. 

h) Provide SCADA computer process load information tracking.  

 

26) SCADA – Alarm Management: Alarm Management Policy and Procedures shall address: 

a) Alarm priorities determination. 

b) Controllers’ authority and responsibility.  

c) Clear alarm and event descriptors that are understood by controllers. 

d) Number of alarms. 

e) Potential systemic system issues. 

f) Unnecessary alarms. 

g) Controller’s performance regarding alarm or event response. 

h) Alarm indication of abnormal operating conditions (AOCs). 

i) Combination AOCs or sequential alarms and events. 

j) Workload concerns. 
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k) This alarm management policy and procedure review shall be implemented and 

performed at any location on the Keystone XL system where a SCADA system is 

used and where an individual(s) is assigned the responsibility to monitor and 

respond to alarm information (such as for tanks, terminals, or other associated 

facilities). 

 

27) SCADA – Leak Detection System (LDS):  The LDS Plan shall include provisions for: 

a) Implementing applicable provisions in American Petroleum Institute  

Recommended Practice 1130, Computational Pipeline Monitoring for Liquid 

Pipelines, (API RP 1130, 1st Edition 2007).  

b) Addressing the following leak detection system testing and validation issues: 

(1) Routine testing to ensure degradation has not affected functionality 

(2) Validation of the ability of the LDS to detect small leaks and modification 

of the LDS as necessary to enhance its accuracy to detect small leaks. 

(3) Conduct a risk analysis of pipeline segments to identify additional actions 

that would enhance public safety or environmental protection.   

c) Developing data validation plan (ensure input data to SCADA is valid)  

d) Defining leak detection criteria in the following areas: 

(1) Minimum size of leak to be detected regardless of pipeline conditions 

(slack, transient, etc., as related to the Keystone XL pipeline configuration.  

(2) Leak location accuracy for various pipeline conditions. 

(3) Response time for various pipeline conditions. 

e) Providing redundancy plans for hardware and software and a periodic test 

requirement for equipment to be used live (also applies to SCADA equipment). 

 

28) SCADA – Pipeline Model and Simulator:  The Thermal-Hydraulic Pipeline Model/ 

Simulator including pressure control system shall include a Model 

Validation/Verification Plan. 

 

29) SCADA – Training:  The training and qualification plan (including simulator training) for 

controllers shall: 
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a) Emphasize procedures for detecting and mitigating leaks. 

b) Include a fatigue management plan and implementation of a shift rotation 

schedule that minimizes possible fatigue concerns and is scientifically based, sets 

appropriate work and rest schedules, and consider circadian rhythms and human 

sleep and rest requirements in-line with NTSB recommendation P-99-12 issued 

June 1, 1999. 

c) Define controller maximum hours of service limitations. 

d) Meet the requirements of regulations developed as a result of the guidance 

provided in the American Society of Mechanical Engineers Standard B31Q, 

Pipeline Personnel Qualification Standard (ASME B31Q), September 2006, for 

developing qualification program plans. 

e) Include and implement a full training simulator capable of replaying for training 

purposes near miss or lesson learned scenarios. 

f) Implement tabletop and field exercises no less than five (5) times per year that 

allow controllers to provide feedback to the exercises, participate in exercise 

scenario development and be active participants in the exercise. 

g) Include field visits for controllers accompanied by field personnel who will 

respond to call outs for that specific facility location. 

h) Provide facility specifics in regard to the position certain equipment devices will 

default to upon power loss. 

i)  Include color blind and hearing provisions and testing if these are required to 

identify alarm priority or equipment status. This review shall be implemented and 

performed at any location on the Keystone XL system where a SCADA system is 

used and where an individual(s) is assigned the responsibility to monitor and 

respond to alarm information (such as for tanks, terminals, or other associated 

facilities). 

j) Task specific abnormal operating conditions and generic abnormal operating 

conditions training components.   

k) If controllers are required to respond to “800” calls, include a training program 

conveying proper procedures for responding to emergency calls, notification of 

other pipeline operators in the area when affecting a common pipeline corridor 
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and education on the types of communications supplied to emergency responders 

and the public using API Recommended Practice 1162, Public Awareness 

Programs for Pipeline Operators, (API RP 1162 (1st edition, December 2003) or 

the most recent version incorporated in 49 CFR § 195.3). 

l) Implement on-the-job training component intervals established by performance 

review to include thorough documentation of all items covered during oral 

communication instruction. 

m) Implement a substantiated qualification program for re-qualification intervals 

addressing program requirements for what circumstances will result in 

qualifications being revoked; implementing procedure documentation regarding 

how long a controller can be absent before a period of review; shadowing, 

retraining, or re-qualification is required, and addressing interim performance 

verification measures between re-qualification intervals. 

 

30) SCADA – Calibration and Maintenance: The calibration and maintenance plan for the 

instrumentation and SCADA system shall be developed using guidance provided in 

American Petroleum Institute Recommended Practice 1130, Computational Pipeline 

Monitoring for Liquid Pipelines, (API RP 1130, 1st Edition 2007).  Instrumentation 

repairs shall be tracked and documentation provided regarding prioritization of these 

repairs.  Controller log notes shall periodically be reviewed for concerns regarding 

mechanical problems.  This information shall be tracked and prioritized.  Maintenance of 

field related instrumentation repairs affecting SCADA data (local or remote) shall also be 

tracked, prioritized and documented at any location on the Keystone XL system where a 

SCADA system is used and where an individual(s) is assigned the responsibility to 

monitor and respond to alarm information (such as for tanks, terminals, or other 

associated facilities). 
 
31) SCADA – Leak Detection Manual:  The Leak Detection Manual shall be prepared using 

guidance provided in Canadian Standards Association (CSA), Oil and Gas Pipeline 

Systems, CSA Z662-03, Annex E, Section E.5.2, Leak Detection Manual. 
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32) Mainline and Check Valve Control:  Keystone must design and install mainline block 

valves and check valves on the Keystone XL system based on the worst case discharge as 

calculated by 49 CFR § 194.105.  Keystone shall locate valves in accordance with 49 

CFR § 195.260 and by taking into consideration elevation, population, and 

environmentally sensitive locations, to minimize the consequences of a release from the 

pipeline.  Mainline valves must be placed based on the analysis above or no more than 

twenty (20) miles apart, whichever is smaller.  Mainline valves must contain transit 

inhibit switches that prevent the valves from shutting at a rate (and in conjunction with 

pumps being shutdown) so that no pressure surges can occur, or other damage caused by 

unintended valve closures or too fast of a closure.  

 
Valves must be remotely controlled and actuated, and the SCADA system must be 

capable of closing the valve and monitoring the valve position, upstream pressure and 

downstream pressure so as to minimize the response time in the case of a failure.  

 Remote power backup is required to ensure communications are maintained during 

inclement weather.  Mainline valves must be capable of closure at all times.  If it is 

impracticable to install a remote controlled valve, Keystone must submit a valve design 

and installation plan to the appropriate PHMSA Region Director(s), Central, Western, 

and Southwest Region to confirm the alternative approach provides an equivalent level of 

safety.  For any valves that cannot be remotely actuated, Keystone must document on a 

yearly basis, not to exceed fifteen (15) months that personnel response time to these 

valves will not take over one hour.   

 

33) Pipeline Inspection:  The entire Keystone XL pipeline (not including pump stations and 

tank farms) must be capable of passing In-line Inspection (ILI) tools.  Keystone shall 

prepare and implement a corrosion mitigation and integrity management plan for 

segments that do not allow the passage of an ILI device. 

 

34) Internal Corrosion:  Keystone shall limit basic sediment and water (BS&W) to 0.5% by 

volume and report BS&W testing results to PHMSA in the annual report.  Keystone shall 

also report upset conditions causing BS&W level excursions above the limit.   
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a) Keystone must run cleaning pigs twice in the first year and as necessary in 

succeeding years based on the analysis of oil constituents, liquid test results, 

weight loss coupons located in areas with the greatest internal corrosion threat and 

other internal corrosion threats.  At a minimum in the succeeding years following 

the first year Keystone must run cleaning pigs once a year, with intervals not to 

exceed 15 months.  

b) Liquids collected during cleaning pig runs, such as BS&W, must be sampled, 

analyzed and internal corrosion mitigation plans developed based upon lab test 

results.  

c) Keystone shall review the program at least quarterly based upon the crude oil 

quality and implement adjustments to monitor for, and mitigate the presence of, 

deleterious crude oil stream constituents. 

 

35) Cathodic Protection:  The initial CP system must be operational within six (6) months of 

placing a pipeline segment in service. 

   

36) Interference Current Surveys:  Keystone must perform interference surveys over the 

entire Keystone XL pipeline within six months of placing the pipeline in service to ensure 

compliance with applicable NACE International Recommended Practices 0169 (2002 or 

the latest version incorporated by reference in § 195.3) and 0177 (2007 or the latest 

version referenced through the appropriate NACE standard incorporated by reference in 

49 CFR § 195.3) (NACE RP 0169 and NACE RP 0177) for interference current levels.  If 

interference currents are found, Keystone shall determine if there have been any adverse 

effects on the pipeline and mitigate such effects as necessary.  Keystone shall report the 

results of any finding of adverse effects and the associated mitigative efforts to the 

applicable Director(s), PHMSA Central, Western, and Southwest Regions within 60 days 

of the finding. 

 

37) Corrosion Surveys:  Keystone must complete corrosion surveys within six (6) months of 

placing the respective CP system(s) in operation to ensure adequate external corrosion 

protection per NACE RP 0169.  The survey shall also address the proper number and 
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location of CP test stations as well as alternating current (AC) interference mitigation and 

AC grounding programs per NACE RP 0177.  At least one (1) CP test station must be 

located within each HCA with a maximum spacing between test stations of one-half mile.  

If placement of a test station is not practical within an HCA, the test station must be 

placed at the nearest practical location.  If any annual test station reading fails to meet 49 

CFR 195, Subpart H requirements, remedial actions must occur within six (6) months.  

Remedial actions must include a CIS on each side of the affected test station to the next 

test station and all modifications to the CP system necessary to ensure adequate external 

corrosion control.   

 

38) Initial Close Interval Survey (CIS):  A CIS must be performed on the pipeline within one 

year of the pipeline in-service date.  The CIS results must be integrated with the baseline 

ILI to determine whether further action is needed.  Keystone must remediate any 

anomalies indicated by the CIS data including improvements to CP systems and coating 

remediation within six (6) months of completing the CIS surveys.  CIS along the pipeline 

must be conducted with current interrupted to confirm voltage drops in association with 

periodic ILI assessments under 49 CFR § 195.452(j)(3). 

   

39) Coating Condition Survey: Keystone must perform a Direct Current Voltage Gradient 

(DCVG) survey or an Alternating Current Voltage Gradient (ACVG) survey within six 

(6) months after operation to verify the pipeline coating conditions and to remediate any 

integrity issues.  Keystone must remediate any damaged coating indications found during 

these assessments that are classified as minor (i.e. 35% IR and above for DCVG or 50 

dBμV and above for ACVG), moderate or severe based on NACE International 

Recommended Practice 0502-2002 (NACE RP 0502-2002)  Pipeline External Corrosion 

Direct Assessment Methodology, or the latest version incorporated by reference in § 

195.3. A minimum of two (2) coating survey assessment classifications must be 

excavated, classified and/or remediated per each survey crew and pump station discharge 

section.   

 

40) Pipeline Markers:  Keystone must install and maintain line-of-sight markings on the 
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pipeline except in agricultural areas or large water crossings such as lakes where line of 

sight signage is not practical.  The marking of pipelines may also be subject to 

environmental permits and local restrictions.  Additional markers must be placed along 

the pipeline in areas where the pipeline is buried less than forty-eight (48) inches.  

Keystone must replace removed or damaged line-of-sight markers, during pipeline 

patrols and maintenance on the right-of-way.  Keystone, at a minimum, must identify and 

replace any missing or damaged line-of-sight markers during pipeline patrols (Condition 

41).  If pipeline patrolling for Condition 41 is performed via aerial patrolling and cannot 

consistently identify areas with missing or damaged line-of-sight markers, then Keystone 

must on a calendar year basis, not to exceed fifteen (15) months, conduct ground patrols. 

 

41) Pipeline Patrolling: Patrol the right-of-way at intervals not exceeding three (3) weeks, but 

at least twenty-Six (26) times each calendar year, to inspect for excavation activities, 

ground movement, unstable soil, wash outs, leakage, or other activities or conditions 

affecting the safety operation of the pipeline. 

 

42) Initial ILI:  Within three (3) years of placing a pipeline segment in service, Keystone 

must perform a baseline ILI using a high-resolution Magnetic Flux Leakage (MFL) tool.  

Keystone must perform a baseline geometry tool run after completion of the hydrostatic 

strength test and backfill of the pipeline but no later than six (6) months after placing the 

pipeline in service.  

 
43) Deformation Tool:  Keystone must run a deformation tool through all mainline piping 

prior to putting the product in the pipeline and remediate all expanded pipe in accordance 

with PHMSA’s “Interim Guidelines for Confirming Pipe Strength in Pipe Susceptible to 

Low Yield Strength for Liquid Pipeline” dated October 6, 2009 or any subsequent 

PHMSA update to this guideline. 

 

44) Future ILI:  Future ILI inspection must be performed on the entire pipeline on a 

frequency consistent with 49 CFR § 195.452(j)(3) assessment intervals or on a frequency 

determined by fatigue studies of actual operating conditions.  
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a) Conduct periodic close interval surveys (CIS) along the entire pipeline with current 

interrupted to confirm voltage drops in association with periodic ILI assessments 

under § 195.452(j)(3). 

b) CIS must be conducted within three (3) months of running ILI surveys when using a 

five (5) year ILI frequency, not to exceed sixty-eight (68) months, in accordance with 

49 CFR § 195.452 (j) (3) assessment intervals. 

c) CIS findings must be integrated into ILI Tool findings. 

 

45) Verification of Reassessment Interval:  Keystone must submit a new fatigue analysis to 

validate the pipeline reassessment interval annually for the first five (5) years after 

placing the pipeline into service.  The analysis must be performed on the segment 

experiencing the most severe historical pressure cycling conditions using actual pipeline 

pressure data.  The fatigue analysis must be submitted to the appropriate PHMSA 

Director(s) in Central, Western, and Southwest Regions.  

 

46) Flaw Growth Assessment: Two (2) years after the pipeline in-service date, Keystone shall 

use all data gathered on pipeline section experiencing the most severe historical pressure 

cycling conditions to determine effect on flaw growth that passed manufacturing 

standards and installation specifications.  This study shall be performed by an 

independent party agreed to upon by Keystone and PHMSA.  Furthermore, Keystone 

shall share this study with PHMSA and the appropriate Director(s), PHMSA Central, 

Western, and Southwest Regions within sixty (60) days of its completion, and before 

baseline assessment is begun.  These findings shall determine if an ultrasonic crack 

detection tool must be launched in that pipeline section to confirm crack growth. The 

study must also define when follow-up review and analysis will occur, not to exceed five 

(5) years, or sooner as determined by the study.  

 

47) Direct Assessment Plan:  Headers, mainline valve bypasses and other sections that cannot 

accommodate ILI tools must be part of a Direct Assessment (DA) plan or other 

acceptable integrity monitoring method using External and Internal Corrosion Direct 

Assessment criteria. 
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48) Damage Prevention Program:  Keystone must incorporate the Common Ground 

Alliance’s damage prevention best practices applicable to pipelines into its damage 

prevention program. 

 

49) Anomaly Evaluation and Repair:  Anomaly evaluations and repairs must be performed 

based upon the following: 

a) Immediate  Repair Conditions:  Follow 49 CFR § 195.452(h)(4)(i) except 

designate the calculated remaining strength failure pressure ratio (FPR) ≤ 1.16 for 

anomaly repairs; 

b) 60-Day Conditions: Follow 49 CFR  §195.452(h)(4)(ii) except designate a FPR 

≤ 1.25 for anomaly repairs; 

c) 180-Day Conditions:  Follow 49 CFR §195.452(h)(4)(iii) with exceptions for the 

following conditions which must be scheduled for repair within 180 days: 

(1)  Calculated FPR = < 1.39;   

(2) Areas of corrosion with predicted metal loss greater than 40%;  

(3) Predicted metal loss is greater than 40%  of nominal wall that is located at a 

crossing of another pipeline; and 

(4) Gouge or groove greater than 8% of nominal wall. 

d) Each anomaly not repaired under the immediate repair requirements must have a 

corrosion growth rate and ILI tool tolerance assigned per the Integrity 

Management Program (IMP) to determine the maximum re-inspection interval. 

e) Anomaly Assessment Methods: Keystone must confirm the remaining strength         

(R-STRENG) effective area method, R-STRENG - 0.85dL, and ASME B31G 

assessment methods are valid for the pipe diameter, wall thickness, grade, 

operating pressure, operating stress level and operating temperature.  Keystone 

must also use the most conservative method until confirmation of the proper 

method is made to PHMSA headquarters.  

f) Flow Stress:  Remaining strength calculations for X-80 pipe must use a flow 

stress equal to the average of the ultimate (tensile) strength and SMYS. 
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g) Dents:  For initial construction and the initial geometry tool run, Keystone must 

remove any dent with a depth greater than two percent (2%) of the nominal pipe 

diameter unless the dent is repaired by a method that reliable engineering tests 

and analyses show can permanently restore the serviceability of the pipe.  For the 

purposes of this condition, a “dent” is a depression that produces a gross 

disturbance in the curvature of the pipe wall without reducing the pipe wall 

thickness.  The depth of the dent is measured as the gap between the lowest point 

of the dent and the prolongation of the original contour of the pipe. 

 

 IV. Reporting, Records Retention, and Senior Level Certification Requirements 

50) Reporting - Immediate:  Keystone must provide immediate notification of all reportable 

incidents in accordance with 49 CFR Part 195, and shall notify the appropriate PHMSA 

regional office within twenty-four (24) hours of any non-reportable leaks occurring on 

the pipeline. 

 

51) Reporting – 180 Day:  Within 180 days of the pipeline in-service date, Keystone shall 

report on its compliance with all of these conditions to the PHMSA Associate 

Administrator and the appropriate PHMSA Directors in Central, Western, and Southwest 

Regions. 

 

52) Annual Reporting:  Keystone must annually report by February 15th each year the 

following to the PHMSA Associate Administrator and the appropriate Directors, PHMSA 

Central, Western, and Southwest Regions: 

a) The results of any ILI run or direct assessment results performed on the pipeline 

during the previous year; 

b) The results of all internal corrosion management programs including the results 

of: 

(1) BS&W analyses 

(2) Report of plant upset conditions where elevated levels of BS&W are 

introduced into the pipeline 

(3) Corrosion inhibitor and biocide injection 
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(4) Internal cleaning program 

(5) Wall loss coupon tests 

c) Any new integrity threats identified during the previous year; 

d) Any encroachment in the right-of-way, including the number of new residences or 

public gathering areas; 

e) Any HCA changes during the previous year; 

f) Any reportable incidents that occurred during the previous year; 

g) Any leaks on the pipeline that occurred during the previous year; 

h) A list of all repairs on the pipeline made during the previous year; 

i) On-going damage prevention initiatives on the pipeline and an evaluation of their 

success or failure; 

j) Any changes in procedures used to assess and monitor the pipeline; and 

k) Any company mergers, acquisitions, transfers of assets, or other events affecting 

the regulatory responsibility of the company operating the pipeline. 

 

53) Threat Identification and Evaluation:  Keystone must develop a threat matrix consistent 

with 49 CFR § 195.452 to accomplish the following: 

a)  Identify and compare any increased risks of operating the pipeline; and 

b)  Describe and implement procedures used to mitigate the risk. 

c)  Where geotechnical threats exist that may impact operational safety, Keystone must 

run a geospatial tool and assess procedures to implement for conducting mitigative 

measures along the affected pipeline. 

  

54) Right-of-Way Management Plan:  Keystone must develop and implement a right-of-way 

management plan to protect the Keystone pipeline from damage due to excavation, third 

party and other activities.  In any areas where increased activities or natural forces could 

lead to increased threats to the pipeline beyond the initial threat conditions, the 

management plan must include increased inspections.  The management plan must also 

include right-of-way inspection activities to complement the following: 

a) Depth of Cover (Condition 19); 

b) Pipeline Markers (Condition 40); 
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c) Pipeline Patrolling (Condition 41) ; 

d) Damage Prevention Program (Condition 48); and 

e) Threat Identification and Evaluation (Condition  53) 

 

The Right-of-Way Management Plan and all of the above listed right-of-way inspection 

activities, Conditions 19, 40, 41, 48, and 53, must be reviewed for effectiveness and  

procedures updated as required on a periodic basis as conditions change, but not longer 

than once per calendar year not to exceed 15 months. 

 

55) Records:  Keystone must maintain all records demonstrating compliance with all 

conditions herein for the useful life of the pipeline. 

 

56) Certification:  A senior executive officer of Keystone must certify in writing the 

following:  

a) That Keystone has met all of the conditions described herein; 

b) That the written design, construction, and operating and maintenance (O&M) plans 

and procedures for the Keystone pipeline have been updated to include all 

additional requirements herein;   

c) That Keystone has reviewed and modified its damage prevention program relative 

to the Keystone pipeline to include any additional elements required herein. 

 

Keystone must send a copy of the certification with the required senior executive 

signature and date of signature to the PHMSA Associate Administrator and the Directors, 

PHMSA Central, Western, and Southwest Regions at least 90 days prior to operating the 

Keystone pipeline. 

 

57) Within one (1) year of the in-service date, Keystone shall provide a detailed technical 

briefing, in person, to the appropriate PHMSA Directors in Central, Western, and 

Southwest Regions.   The briefing shall cover the implementation of the requirements of 

all conditions herein, including all information required by Condition 52.  On the basis of 
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PHMSA’s review of the Condition 52 Annual Report and any additional information 

provided at the briefing, PHMSA may require additional information.    
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United States Department of State 4.3.1
______________________________________________________________________________

Reference: Keystone XL Project Environmental Report
Soils

Request:

Can you confirm if experts from the University of Nebraska were consulted relative to the
approach to construction in the Sand Hills area?  Does the approach to construction in the Sand
Hills area accommodate any changes to local climate?  Are the proposed construction and
restoration methods within the Sand Hills terrain still appropriate if during the life of the pipeline
system, average rainfall in the Sand Hills area substantially increases or substantially decreases
in response to climate change?  Will grasslands in the Sand Hills be restored with native grasses?

Response:

Yes, experts at the University of Nebraska were consulted in July 2008 with regard to
construction and reclamation in the Sandhills (see attached spreadsheet).  University scientists
who were consulted for the project included Dr. Jerry Volesky, Dr. Dave Wedin, and Dr. David
Loope. Scientists at South Dakota State University were also contacted and included Dr.
Alexander Smart and Dr. Eric Mousel.  Mr. Gabe Robertson of the Nebraska Department of
Roads was contacted on July 17, 2008, and again on April 28, 2009 regarding reclamation
procedures the highway department uses in the Sandhills.  Suggestions from university scientists
and the Nebraska Department of Roads were incorporated into the draft Sandhills
Construction/Reclamation Unit, a site specific-reclamation plan that that itemizes construction,
erosion control, and revegetation procedures in the Sandhills (see attached writeup).

Following consultation with university scientists and the Nebraska Department of Roads, a
meeting was held with Michael Kucera, the State Resource Conservationist with the NRCS, in
Lincoln, Nebraska, on November 17, 2008.  Mr. Kucera was provided with the draft Sandhills
Construction/Reclamation Unit for review and discussion.  Minor revisions were made to the
draft Sandhills Construction/Reclamation Unit to incorporate Mr. Kucera’s input.  A follow-up
meeting with Mr. Kucera was held in June 2010, following release of the DEIS, for additional
discussions regarding reclamation in the Sandhills and other parts of Nebraska.
Native perennial grass species will be used to revegetate the Sandhills and other native
vegetation types that will be crossed be the project.  Native grass species that will be used in the
seed mix include those that were recorded during pedestrian surveys of the project, and that have
been recommended by the NRCS, university scientists, and the Nebraska Department of Roads.
These species have evolved in the central Great Plains and are adapted to the climate extremes
that have occurred in the past and may occur again in the future.  Should long-term precipitation
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patterns in the Sandhills continue to change and vary, vegetation on the project would adapt
similarly to vegetation in areas adjacent to the project.



Name Title/Position  Association  Phone  Relative Experience with 
Sand Hills  

Correspondence 

Dr. Jerry Volesky Associate Professor - 
Range and Forage 
Specialist 

University of Nebraska 
Cooperative Extension 

308-696-6710 Grazing management and 
systems research at the 
Gudmundsen Sandhills 
Laboratory 

left mesg 7/14, he left 
mesg w me 7/15, spoke 
over phone on 7/15 
12:30pm 

Dr. Dave Wedin Grasslands Ecologist University of Nebraska - 
School of Natural 
Resources 

402-472-9608 (o) 
402-730-8543 (c) 

Principal investigator on the Sand 
Hills Biocomplexity project 

left mesg 7/14, spoke over 
phone on 7/17 2:30pm 

Dr. Geoffrey M. 
Henebry 

Senior Scientist, Professor South Dakota State 
University 

605-688-5351 Co-investigator on the Sand Hills 
Biocomplexity project 

left mesg 7/15 - spoke 
over phone on 7/21 

Dr. David Loope Geosciences Professor University of Nebraska 402-472-2647 Co-investigator on the Sand Hills 
Biocomplexity project 

left mesg 7/15, spoke over 
phone on 7/17 

Dr. Alexander 
"Sandy" Smart 

Assistant Professor, 
Range Scientist 

South Dakota State 
University 

605-688-4017  spoke over phone on 7/15 
3pm 

Dr. Eric Mousel Assistant Professor, 
Range Livestock 
Production Specialist 

South Dakota State 
University 

605-688-5455 Use to work at University of NE, 
has family that live in the Sand 
Hills 

spoke over the phone on 
7/18 2:30pm 

Bob Atkenson Area Engineer NRCS - Holt County, 
Nebraska 

402-336-3796 Has worked on sand blowout 
repair 

left mesg 7/17 with 
receptionist, spoke 
over phone 7/17 at 3pm 

Gabe Robertson Highway Environmental 
Programs Specialist 
(Roadside Stabilization) 

Nebraska Department 
of Roads 

402-479-4685  spoke over phone on 7/17 
10am – asked that I send 
an email, sent email on 
7/17 10am, sent info. over 
email on 7/18 2pm 

 



CONSTRUCTION/RECLAMATION UNIT SPECIFICATIONS:  SH 
KEYSTONE XL STEELE CITY 

UNIT NAME:  SANDHILLS 
UNIT CODE:  SH 

UNIT DESCRIPTION:  Native prairie on sandy soils dominated primarily by 
warm‐ season grasses such as little bluestem, big 
bluestem, sand bluestem, prairie sandreed, and 
sideoats grama.  Steep slopes are common.  Soils 
are very fine and extremely prone to wind erosion.   

UNIT LOCATION:  The Sandhills occupy approximately 23,000 square 
miles primarily central Nebraska and limited areas 
of southern South Dakota.  Spreads 7 through 9 of 
the Keystone XL project cross the northeastern 
corner of the Sandhills primarily in Rock, Holt, 
Garfield, and Wheeler counties, Nebraska.  

UNIT GOALS:  • Maintain soil structure and stability to the greatest extent practicable.  • Stabilize slopes to prevent 
erosion.  • Restore native grass species.  • Maintain wildlife habitat and livestock grazing production.   
• Complete all work to standards specified in the CMR Plan, contract documents and Details, applicable 
permits, easement descriptions, and Keystone’s satisfaction. 

SPECIAL 
CONSIDERATIONS: 

1. The ROW has been sited to avoid ridgetops and blowouts to the extent practicable. 
2. Utilize tracked equipment or low‐ground‐pressure equipment to the maximum extent practicable on 

steep slopes or in areas with minimal vegetation cover. 
3. Minimize grading and side‐slope cuts to the maximum extent practicable. 
4. Stabilize topsoil salvage piles with bio‐degradable tackifier.   
5. Apply straw or native hay mulch for erosion control after regrading as directed by Keystone. 
6. Install erosion control matting after regrading as specified by Keystone.  In some areas, tackifier may be 

used in place of matting if approved by Keystone 
7. Permanent slope breakers and trench breakers are not required unless specifically directed by 

Keystone. 
8. Do not decompact the ROW unless specifically directed by Keystone.   
9. Seed mix will be applied in two passes using a rangeland drill and broadcast seeder at the specified 

rates. 
10. Final cleanup, erosion control, and revegetation must be within 10 miles of pipe lowering in within this 

Con/Rec Unit. 
11. The ROW will not be utilized for access or project traffic following final cleanup within the Con/Rec Unit.
12. Fence revegetated ROW from livestock where necessary as directed by Keystone.  

CONSTRUCTION 

ROW WIDTH:  Typically 110 feet.  Note that 200 feet of ROW has been identified in many areas within this type to allow 
for spoil storage in hilly terrain.  Do not utilize the additional workspace unless necessary and directed by 
Keystone. 

CLEARING:  As specified in the CMR Plan. 
ADDITIONAL REQUIREMENTS: 
1. Do not clear more than 110 feet of ROW unless directed by Keystone. 
2. Leave root crowns and root structures in place to the maximum extent practicable. 
3. Minimize clearing equipment on the ROW. 

TOPSOIL SALVAGE:  As specified in the CMR Plan to maintain the topsoil resource and reclamation potential. 
ADDITIONAL REQUIREMENTS: 
A. Utilize trench and working salvage (Detail 54) on slopes less than 5% where shown on Alignment 

Sheets or as directed by Keystone. 
B. Where grading is necessary, salvage topsoil from entire area to be graded (Detail 53).   
C. Salvage topsoil horizon at depths as shown on Alignment Sheets or as directed by Keystone. 
D. Stabilize topsoil salvage piles with bio‐degradable tackifier as directed by Keystone.   
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CONSTRUCTION/RECLAMATION UNIT SPECIFICATIONS:  SH 
KEYSTONE XL STEELE CITY 

TRENCHING:  As specified in the CMR Plan. 
ADDITIONAL REQUIREMENTS: 
A. Anticipate substantial trench caving and a wide trench. 
B. Insure that topsoil (salvaged or unsalvaged) is not lost to trench caving. 

BACKFILL, 
DECOMPACTION AND 
REGRADING: 

As specified in the CMR Plan to avoid slumping over the trench and match adjacent topography.  
ADDITIONAL REQUIREMENTS: 
A. Do not decompact the ROW (subsoil or topsoil) unless specifically directed by Keystone. 
B. Avoid scalping more than one inch of undisturbed topsoil on the spoil side when backfilling spoil 

and redistributing stockpiled topsoil. 
C. Final cleanup, erosion control, and revegetation must be within 10 miles of pipe lowering in within 

this Con/Rec Unit. 
TEMPORARY EROSION 
CONTROL: 

As specified in the CMR Plan to limit dust, prevent off‐site sedimentation or erosion, and accelerated 
erosion on the ROW. 

ADDITIONAL REQUIREMENTS: 
A. Stabilize topsoil salvage piles with biodegradable tackifier as directed by Keystone.   
B. Install other erosion control to prevent erosion within the ROW, and off‐ROW impacts as directed 

by Keystone.   
C. Maintain and/or reinstall erosion control features to ensure proper function at all times.   

RECLAMATION 

SEEDBED 
PREPARATION: 

As specified in the CMR Plan. 
ADDITIONAL REQUIREMENTS: 
A. Cultipack or roll ROW to firm topsoil prior to reseeding as authorized by Keystone.    
B. Hodder gouger or other imprinter may be used to create microsites for seed germination and 

lessen the effects of wind erosion as directed by Keystone. 
C. The seedbed should be firm enough so that the boot heel of an average adult penetrates the soil 

to a depth of approximately one‐half inch. 
SEEDING METHOD, 
SEED MIX AND RATE: 

As specified in the CMR Plan.  See Detail 70 for a description of seeding procedures and approved 
equipment. 

ADDITIONAL REQUIREMENTS: 
A. Seed will be provided by Keystone and managed by the Contractor.  The Contractor will store 

seed a dry, secure location. 
B. The Contractor will store any unused seed in a dry, secure location and notify Keystone as to 

the seed’s disposition.  Keystone may elect to change the storage location. 
C. The SH seed mix will be applied at locations shown on the Alignment Sheets or as directed by 

Keystone. 
D. The seed mix will be applied in two applications.  The first application will be drill seeded.  The 

second application will be broadcast seeded over the drill seeding.  
E. Seed for the drill application will be provided in separate bags from seed for the broadcast 

application to accommodate different seeding rates.  
F. Cover crop:  If permanent seeding is delayed to the following growing season, QuickGuard will 

be seeded at a rate of 80 pounds per acre per Keystone direction. 
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CONSTRUCTION/RECLAMATION UNIT SPECIFICATIONS:  SH 
KEYSTONE XL STEELE CITY 

Sandhills (SH) Seed Mixture 

DRILL 
SEEDING RATE1 

SCIENTIFIC NAME  COMMON NAME  VARIETY2 

Pounds 
PLS/ 
Acre    

PLS/ 
sq.ft. 

GRASSES: 
Agropyron dasystachym   Thickspike wheatgrass  Critana, Bannock  1.00  ‐  4 
Andropogon gerardii  Big bluestem  Bonanza, Champ, Pawnee, Rountree  1.00  ‐  3 
Andropogon hallii  Sand bluestem  Champ, Garden County, Goldstrike  1.00  ‐  3 
Bouteloua curtipendula  Sideoats grama  Butte, Pierre, Trailway  2.00  ‐  9 
Bouteloua gracilis  Blue grama  Bad River  0.25  ‐  5 
Calamovilfa longifolia   Prairie sandreed  Goshen, Pronghorn  0.75  ‐  5 
Eragrosts trichodes  Sand lovegrass  Nebraksa 27  0.30  ‐  10 
Elymus canadensis  Canada wildrye  Source identified  3.00  ‐  8 
Lolium perenne3  Perennial ryegrass  Linn  3.80  ‐  20 
Schizachyrium scoparium  Little bluestem  Camper, Blaze, Badlands, Itasca  3.00  ‐  18 
Panicum virgatum   Switchgrass  Blackwell, Pathfinder, Nebraska 28  1.00  ‐  9 
Stipa viridula  Green needlegrass  Lodorm  2.00  ‐  8 
                                                                                               TOTAL   19.10  ‐  102 
 

1Based on a drill seeding rate of approximately 102 Pure Live Seed (PLS) per square foot; total PLS/sq ft does not include perennial 
ryegrass which is used as a companion crop.  Seed rates will be doubled where broadcast seeding is used. 
2These varieties are from Univ. of Nebraska‐Lincoln Ext. Circ. 120; other named varieties listed by the USDA‐NRCS in Nebraska are 
acceptable. 
3Perennial ryegrass may be used as a companion crop where additional erosion control is required or mulching is not possible. 
NOTE:  Species or rates may be revised based on commercial availability or site‐specific conditions. 
 

 

SEEDING DATE:  November 1 to June 30, depending on climatic conditions. 
MULCHING AND 
MATTING: 

As specified in the CMR Plan at locations shown on Alignment Sheets or as directed by Keystone.  Refer to 
Detail 4 for erosion control matting, Detail 52 for straw mulch, and Detail 64 for wood mulch. 
ADDITIONAL REQUIREMENTS: 
A. All portions of the Project within this Con/Rec Unit will receive either straw mulch or erosion control 

matting at locations shown on Alignment Sheets or as directed by Keystone.   
B. Biodegradable pins approved by Keystone will be used in place of metal staples within this Con/Rec 

Unit. 

SLOPE AND TRENCH 
BREAKERS: 

Slope breakers and trench breakers are not required in this Con/Rec Unit unless specifically directed by 
Keystone. 

MANAGEMENT PRACTICES 

1. Provide for livestock and wildlife access across the trench at locations convenient to livestock and the landowner as practicable per 
the CMR Plan. 

2. Construction and reclamation practices may be modified from those presented to suit site conditions or permit requirements with 
Keystone approval.   

3. Fence the revegetated ROW from livestock use as directed by Keystone. 
4. Monitor revegetation and soil stability post construction.  Areas of failed reclamation will be repaired. 
5. Monitor and control noxious weeds as specified in the Nebraska and South Dakota Noxious Weed Management Plans. 
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
250074 0 0 Domestic 45.939800 -104.112600
14505 0 0 Domestic 45.964657 -104.105720
15684 0 0 Domestic 46.004100 -104.124700
15686 0 0 Domestic 46.010500 -104.110200
15664 0 0 Domestic 46.044682 -104.119267

700233 0 0 Domestic 46.150000 -104.184700
227360 0 0 Domestic 46.261600 -104.254000
20577 0 0 Domestic 46.320582 -104.287359

177480 6 0 Domestic 46.326471 -104.273710
239810 6 0 Domestic 46.327800 -104.282800
125691 7 0 Domestic 46.331937 -104.292015
204547 10 0 Domestic 46.333500 -104.266800
20551 10 0 Domestic 46.340060 -104.288053
20552 12 0 Domestic 46.340977 -104.284160
20550 12 0 Domestic 46.344187 -104.291298
20549 13 0 Domestic 46.345103 -104.286106
20542 14 0 Domestic 46.346479 -104.291947
20540 14 0 Domestic 46.347837 -104.302938
20543 15 0 Domestic 46.352500 -104.298600
20515 17 0 Domestic 46.371452 -104.349813

167838 17 0 Domestic 46.377129 -104.320901
22062 17 0 Domestic 46.398600 -104.333300
22061 18 0 Domestic 46.400870 -104.337532
22058 18 0 Domestic 46.425552 -104.395178
22057 18 0 Domestic 46.425279 -104.365057

700353 19 0 Domestic 46.426300 -104.368000
700351 19 0 Domestic 46.454400 -104.390500
22015 21 0 Domestic 46.457500 -104.450200
22007 25 0 Domestic 46.475726 -104.457162
22008 27 0 Domestic 46.475726 -104.457162
22009 30 0 Domestic 46.475726 -104.457162
23023 35 0 Domestic 46.487855 -104.489732
23031 35 0 Domestic 46.498300 -104.478300

700367 35 0 Domestic 46.541600 -104.525000
700366 36 0 Domestic 46.552500 -104.582700
23656 40 0 Domestic 46.602531 -104.624251

700037 40 0 Domestic 46.697500 -104.740200
700034 45 0 Domestic 46.708600 -104.756100
131732 50 0 Domestic 46.706715 -104.702318
700032 50 0 Domestic 46.713800 -104.773300
700030 55 0 Domestic 46.737500 -104.824400
700029 55 0 Domestic 46.737500 -104.777200
122407 55 0 Domestic 46.771051 -104.821663

1811 60 0 Domestic 46.773300 -104.824600
700066 60 0 Domestic 46.788800 -104.866600
24825 70 0 Domestic 46.802609 -104.866925

700065 70 0 Domestic 46.803300 -104.871900
700064 70 0 Domestic 46.828600 -104.882500
151481 80 0 Domestic 46.828600 -104.874400
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
24809 80 0 Domestic 46.829100 -104.874100
24810 85 0 Domestic 46.829876 -104.882706
25479 88 0 Domestic 46.847287 -104.944147
25492 100 0 Domestic 46.854100 -104.931600
25478 100 0 Domestic 46.862808 -104.945385
25457 110 0 Domestic 46.881600 -104.982200

702075 110 0 Domestic 46.890000 -105.003300
702074 112 0 Domestic 46.890000 -104.997700
702072 135 0 Domestic 46.890000 -104.990000
702073 144 0 Domestic 46.890000 -104.990000
702071 147 0 Domestic 46.890000 -104.979100
702080 150 0 Domestic 46.891600 -104.997700
702079 170 0 Domestic 46.891600 -104.990000
702078 170 0 Domestic 46.891600 -104.981900
702077 180 0 Domestic 46.891600 -104.965800
702085 270 0 Domestic 46.893600 -105.000500
702084 275 0 Domestic 46.893600 -104.992500
702083 298 0 Domestic 46.893600 -104.981900
702086 355 0 Domestic 46.894100 -104.962500

1851 356 0 Domestic 46.896300 -104.977700
702090 400 0 Domestic 46.897200 -104.995200
702089 420 0 Domestic 46.897200 -104.984400
702088 540 0 Domestic 46.897200 -104.965800
702093 660 0 Domestic 46.899100 -104.992500
25452 665 0 Domestic 46.899293 -104.982362

702092 695 0 Domestic 46.899100 -104.973800
702097 697 0 Domestic 46.900800 -104.987200
702102 700 0 Domestic 46.904400 -104.976600
702108 705 0 Domestic 46.912500 -105.018800
26264 772 0 Domestic 46.937700 -105.037200
26265 772 0 Domestic 46.938300 -105.037200
26263 860 0 Domestic 46.949863 -105.025592
26262 910 0 Domestic 46.952656 -105.021595

230576 985 0 Domestic 46.953727 -105.028071
26259 1020 0 Domestic 46.956456 -105.037444
26260 1090 0 Domestic 46.956456 -105.037444
26251 40 5 Domestic 46.980035 -105.034513
26248 12 6 Domestic 46.982811 -105.035863
26250 12 6 Domestic 46.982811 -105.035863

702622 15 6 Domestic 46.993800 -105.024400
26244 15 8 Domestic 46.996514 -105.022544
26245 20 8 Domestic 46.996514 -105.022544
26246 238 8 Domestic 46.996600 -105.020500
26247 42 9 Domestic 46.998285 -105.025383
27679 31 10 Domestic 47.038155 -105.085501
27677 27 10 Domestic 47.045800 -105.086100
27678 30 10 Domestic 47.045800 -105.086100

702343 30 10 Domestic 47.113000 -105.170800
28959 40 11 Domestic 47.114685 -105.164364
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
14514 1214 14 Domestic 45.938897 -104.105085
28949 31 15 Domestic 47.140051 -105.180353
28913 32 15 Domestic 47.143824 -105.228136
28909 103 15 Domestic 47.155200 -105.259400
28908 640 15 Domestic 47.158281 -105.249365
28899 220 16 Domestic 47.165923 -105.228855

223089 28 18 Domestic 47.167405 -105.262551
223060 30 18 Domestic 47.167408 -105.230876
28904 44 18 Domestic 47.169424 -105.265274
30227 61 18 Domestic 47.184857 -105.284196
30250 30 19 Domestic 47.195500 -105.251600

702394 40 20 Domestic 47.199100 -105.268800
30247 42 20 Domestic 47.203126 -105.268093
30211 60 20 Domestic 47.216600 -105.298600
30210 64 20 Domestic 47.218000 -105.298000

702428 0 21 Domestic 47.270500 -105.321900
31413 60 21 Domestic 47.270500 -105.321300
31412 39 22 Domestic 47.271992 -105.326559
31407 70 22 Domestic 47.304778 -105.332042

223672 80 22 Domestic 47.382227 -105.472885
32511 34 24 Domestic 47.411180 -105.531021
32508 50 25 Domestic 47.414297 -105.510934

142665 59 25 Domestic 47.414762 -105.510266
224837 61 25 Domestic 47.425700 -105.562948
32477 70 25 Domestic 47.425700 -105.557600
32478 68 26 Domestic 47.426618 -105.561611
2379 29 29 Domestic 47.426900 -105.545200
32461 41 30 Domestic 47.429245 -105.573710
32462 43 30 Domestic 47.429245 -105.568343

199315 47 30 Domestic 47.432917 -105.568343
32459 50 30 Domestic 47.433836 -105.569685
2490 51 30 Domestic 47.469400 -105.595200
33972 55 30 Domestic 47.472727 -105.600395
33961 86 30 Domestic 47.510731 -105.624292
33956 94 30 Domestic 47.519842 -105.653388
33957 44 31 Domestic 47.519842 -105.653388
33955 45 32 Domestic 47.521704 -105.650792

184254 48 32 Domestic 47.622113 -105.827110
36162 52 32 Domestic 47.734286 -105.910112
37057 128 32 Domestic 47.830661 -106.073821

121099 52 33 Domestic 47.831100 -106.076600
204248 56 33 Domestic 47.984080 -106.274721
39057 58 33 Domestic 48.057350 -106.337250
39055 78 35 Domestic 48.058313 -106.343937
38992 55 36 Domestic 48.108328 -106.396195
38991 63 36 Domestic 48.110150 -106.393461
38971 98 36 Domestic 48.124464 -106.371694
3295 45 40 Domestic 48.128300 -106.398000
38975 55 40 Domestic 48.130811 -106.381234
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
38977 110 40 Domestic 48.130907 -106.383894
38978 360 40 Domestic 48.131356 -106.383211
40060 54 43 Domestic 48.133506 -106.368944
40056 91 45 Domestic 48.134886 -106.393991
40042 80 47 Domestic 48.153305 -106.371606
40026 60 47 Domestic 48.196277 -106.456958
40023 85 50 Domestic 48.202793 -106.476988
40025 108 50 Domestic 48.202787 -106.466351
40024 180 50 Domestic 48.203720 -106.478321
40027 285 50 Domestic 48.203452 -106.438099
41185 59 51 Domestic 48.227179 -106.486555
41174 100 55 Domestic 48.234341 -106.519439
41172 105 55 Domestic 48.239006 -106.496204
41176 131 55 Domestic 48.246243 -106.555708
41173 75 57 Domestic 48.246165 -106.501542
41168 0 60 Domestic 48.248807 -106.556946
41169 90 60 Domestic 48.248807 -106.554234
41167 292 60 Domestic 48.250651 -106.556946

154439 350 60 Domestic 48.253416 -106.555590
154446 420 60 Domestic 48.253416 -106.555590
154448 84 61 Domestic 48.253416 -106.555590
154449 68 64 Domestic 48.253416 -106.544745
41164 100 65 Domestic 48.254798 -106.557624
41170 1187 67 Domestic 48.254322 -106.521900
41162 80 67 Domestic 48.255259 -106.552879

163230 84 69 Domestic 48.255374 -106.552709
14512 835 69 Domestic 45.938897 -104.105085
41163 96 70 Domestic 48.261250 -106.556268

164133 87 71 Domestic 48.261711 -106.543389
242990 120 72 Domestic 48.264419 -106.561627
41151 375 75 Domestic 48.265330 -106.557428

248503 115 76 Domestic 48.272162 -106.560927
41152 151 78 Domestic 48.275428 -106.582494
41153 151 78 Domestic 48.275428 -106.582494
41149 100 80 Domestic 48.274894 -106.559528

249734 112 80 Domestic 48.275350 -106.556029
41148 155 85 Domestic 48.276716 -106.563727

126593 180 88 Domestic 48.277245 -106.540300
121141 105 90 Domestic 48.278000 -106.553000
41051 645 90 Domestic 48.279894 -106.621840
41137 270 93 Domestic 48.278042 -106.543520
41052 276 94 Domestic 48.284427 -106.595940

150019 170 95 Domestic 48.284427 -106.595940
41053 126 100 Domestic 48.286240 -106.604080
41042 280 100 Domestic 48.297054 -106.609477
41041 131 106 Domestic 48.297964 -106.624661
41039 150 110 Domestic 48.298875 -106.617759
41040 172 110 Domestic 48.298875 -106.617759
41043 148 113 Domestic 48.299810 -106.640930
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
1166 865 116 Domestic 45.918000 -104.097200
3743 168 120 Domestic 48.497500 -106.869400
44304 255 120 Domestic 48.497552 -106.870222
44302 190 121 Domestic 48.512733 -106.873531
4005 134 124 Domestic 48.693300 -107.175200
45585 160 125 Domestic 48.701935 -107.179476
45563 200 130 Domestic 48.739170 -107.252910
46460 500 130 Domestic 48.744650 -107.281833
48025 148 131 Domestic 48.919214 -107.468214
48023 270 135 Domestic 48.921039 -107.468214
48024 278 140 Domestic 48.921039 -107.468214
48019 150 150 Domestic 48.969076 -107.524378
48020 160 150 Domestic 48.969984 -107.522995
30228 260 160 Irrigation 47.184857 -105.284196
41161 480 160 Irrigation 48.255259 -106.552879

199340 216 175 Irrigation 48.284427 -106.595940
45565 242 200 Irrigation 48.732784 -107.253310
45564 295 200 Irrigation 48.740094 -107.264446

143806 250 205 Public Water Supply 47.164700 -105.259100
150596 520 210 Public Water Supply 47.227600 -105.304600
34993 0 283 Public Water Supply 47.577799 -105.707949
34991 520 320 Public Water Supply 47.580533 -105.709309

Source: GWIC, 2011. Available at: http://nris.mt.gov/nsdi/nris/gwicwells.html
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

40 3 Domestic/Stock T22N R1E S36 NE NE
36 4 Domestic/Stock T22N R2E S32 SW NE
19 5 Domestic/Stock T22N R2E S31 NW NW
30 6 Stock T21N R2E S11 NE SW
55 6 Stock T21N R2E S14 SE NE
55 6 Stock T21N R3E S19 SE NE
21 7 Stock T20N R4E S32 NW SE
55 7 Domestic/Stock T20N R4E S6 SE NW
35 8 Stock T19N R4E S5
45 8 Domestic/Stock T19N R5E S28 NW
46 8 Municipal T19N R5E S20 SW SW
55 8 Municipal T19N R5E S29
31 9 Domestic/Stock T19N R5E S33 SE SW
40 9 Irrigation T19N R5E S29 NW NW
45 10 Domestic T19N R5E S19 SE NE
63 10 Domestic T19N R5E S29
52 11 Domestic/Stock T18N R5E S3 SW NW
27 12 Domestic/Stock T18N R6E S27 NW NW
40 12 Stock T17N R6E S3 NE NE
43 12 Stock T17N R7E S32 SE SW
46 12 Stock T17N R7E S29 NE
60 12 Domestic/Stock T16N R7E S24 SE NE
60 12 Domestic/Stock T16N R7E S22 NE
60 12 Domestic/Stock T16N R7E S15 NW NW
60 12 Domestic/Stock T16N R7E S10 NE SW
61 12 Domestic/Stock T16N R7E S14 SW NE
75 13 Domestic/Stock T16N R8E S32 SW
25 14 Domestic/Stock T15N R8E S23 SE
80 14 Domestic/Stock T14N R9E S15 SE NE
41 15 Stock T14N R10E S34 NW
60 15 Domestic/Stock T14N R10E S32 NW NE
61 15 Domestic/Stock T14N R10E S27 NE SW
70 15 Stock T14N R10E S29 NE
70 15 Domestic T14N R10E S27 NE NE
40 16 Domestic/Stock T13N R10E S10 SE
42 16 Domestic/Stock T13N R10E S13 NE
80 16 Stock T13N R10E S4 SW NW
27 17 Domestic/Stock T13N R11E S18 NE NE
61 17 Domestic T13N R11E S26 NE
40 18 Domestic/Stock T13N R11E S35 NW SW
50 18 Domestic/Stock T11N R13E S28 SW NE

180 18 Domestic/Stock T11N R13E S7 NW
56 20 Domestic/Stock T11N R13E S18
60 21 Domestic/Stock T10N R14E S6

100 21 Domestic/Stock T10N R14E S20 NW NW
54 23 Stock T10N R14E S18 NE
65 23 Stock T10N R14E S18
60 24 Domestic/Stock T9N R15E S7

100 24 Domestic T9N R15E S34 SE
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

46 25 Stock T9N R15E S34 NW
47 25 Stock T9N R15E S21 SE
59 25 Domestic/Stock T9N R15E S29
79 25 Stock T9N R15E S29 SE

100 25 Stock T9N R15E S29 SE SE
125 25 Domestic T8N R15E S10 SE NE
240 26 Stock T8N R15E S10 NE NE
85 28 Domestic/Stock T8N R15E S11 SW NW
80 30 Domestic/Stock T8N R16E S20 NW

125 30 Domestic/Stock T8N R16E S33 SE
126 30 Domestic/Stock T6N R17E S1 SE SW
62 32 Irrigation T5N R19E S25 SE SE

220 32 Stock T5N R20E S19 SE NW
51 37 Stock T4N R20E S14 SW NE

105 40 Stock T2N R24E S29 NW NW
140 40 Stock T2N R24E S35 NE
188 40 Domestic/Stock T2N R24E S28
148 44 Domestic/Stock T2N R24E S36
88 45 Domestic/Stock T2N R24E S35

1420 50 Stock T2N R24E S24 SW SW
126 53 Stock T2N R25E S33 SW SW
140 53 Domestic T2N R25E S32 SW SW
120 54 Stock T1N R25E S2 NW
128 54 Stock T1N R25E S14 SE NE
200 55 Domestic T1S R30E S32
160 58 Stock T2S R31E S22 SW
355 62 Domestic/Stock T104N R79W S15 SW
84 65 Domestic/Stock T104N R79W S21 NW NW

135 65 Domestic T104N R78W S32
150 65 Stock T103N R78W S21 SW
165 69 Stock T102N R78W S10 NE NE
160 70 Domestic/Stock T102N R77W S31 SE
170 70 Domestic T101N R77W S15
180 70 Domestic/Stock T100N R77W S28 SW NE
100 80 Domestic T99N R77W S21
120 82 Domestic/Stock T99N R77W S11 NE NW
140 85 Domestic T98N R77W S1 SE SE
185 85 Domestic T98N R76W S27 SE SE
213 85 Domestic/Stock T98N R76W S35 SE SE
185 90 Domestic T98N R76W S20 SW SE
240 90 Stock T98N R76W S21 SE SW
140 98 Stock T97N R76W S3 NE NE
150 100 Domestic/Stock T97N R76W S1 SE NE
150 100 Stock T97N R76W S13 SE SW
170 100 Stock T97N R76W S3 NE SW
240 110 Domestic/Stock T97N R76W S2 SW SW
1587 110 Stock T97N R75W S27 SE SW
1655 110 Domestic T97N R75W S17 SW SW
200 120 Stock T97N R75W S7 SW SW
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

1630 124 Domestic/Stock T97N R75W S6 SW SW
220 126 Domestic T97N R75W S21 SW SW
1600 130 Stock T97N R75W S34 SE SW
240 150 Domestic T96N R75W S15 NE NW
320 150 Stock T96N R75W S36 SE
1500 160 Stock T96N R75W S10 SW NW
275 170 Stock T96N R75W S11 SE
200 175 Stock T96N R75W S3 NW SE
260 188 Domestic/Stock T95N R74W S5 SE
1540 200 Stock T95N R74W S27 NE
500 240 Stock T95N R74W S21 NE NW
1780 260 Stock T95N R74W S36 NE SW
3625 260 Domestic/Stock T17N R6E S25 NW
1268 Artesian Stock T7N R17E S5
1380 Artesian Stock T7N R17E S28 SE SE
1510 Artesian Stock T7N R17E S21 NE
1745 Artesian Domestic/Stock T6N R18E S5
1785 Artesian Domestic T2N R23E S23 SE SE
1794 Artesian Domestic T2N R23E S4 NE SE
2050 Artesian Domestic T2N R25E S32 NW
2354 Artesian Domestic/Stock T1N R25E S6
2380 Artesian Domestic T1N R25E S6 NW SE
2380 Artesian Domestic/Stock T1N R27E S19 SW SW
2394 Artesian Domestic/Stock T2S R30E S3 SW NW
2445 Artesian Domestic T2S R31E S21
2460 Artesian Domestic/Stock T103N R78W S27 NW SW
2580 Artesian Domestic T103N R78W S16
2600 Artesian Stock T102N R78W S10 NE
2720 Artesian Domestic T102N R78W S24 SE

Source: SD DENR, 2011. Available at: http://denr.sd.gov/des/wr/dblogsearch.aspx
Note: Artesian well designation was based on interpretation of available well log data.
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
108525 0 0 Domestic 40.070191 -97.010048
161895 0 0 Irrigation 40.070806 -96.997194
191288 0 0 Irrigation 40.077250 -97.000583
172943 0 0 Irrigation 40.077389 -97.004000
158418 0 0 Irrigation 40.078250 -96.992417
156914 0 0 Irrigation 40.078583 -96.989944
179902 0 0 Irrigation 40.078667 -96.987444
63011 0 0 Irrigation 40.079327 -96.994424

176426 0 0 Irrigation 40.081972 -96.999056
37722 0 0 Irrigation 40.085028 -97.006483
59869 0 0 Irrigation 40.091828 -96.996587

176302 0 0 Irrigation 40.098917 -96.983333
179903 0 0 Irrigation 40.099972 -96.985944
25152 0 0 Irrigation 40.106398 -97.015605

147490 0 0 Irrigation 40.111722 -97.019972
67541 0 0 Irrigation 40.111826 -97.017782
67346 0 0 Irrigation 40.113659 -97.015385

165913 0 0 Domestic 40.131139 -97.003697
193382 0 0 Irrigation 40.139000 -97.020139
35545 0 0 Irrigation 40.142677 -97.026124
23906 0 0 Irrigation 40.144564 -97.022595

203691 0 0 Irrigation 40.146250 -97.020111
138505 0 0 Irrigation 40.146255 -96.998347
72507 0 0 Irrigation 40.148133 -97.022604
80857 0 0 Irrigation 40.149903 -97.015475
45306 0 0 Irrigation 40.149938 -96.996507
38415 0 0 Irrigation 40.157090 -97.034289

123879 0 0 Irrigation 40.157217 -97.024845
19905 0 0 Irrigation 40.157570 -97.005937
55702 0 0 Irrigation 40.162662 -97.022663

174604 0 0 Irrigation 40.164299 -97.043813
35684 0 0 Irrigation 40.164396 -97.034268
46733 0 0 Irrigation 40.164542 -97.006136

189085 0 0 Irrigation 40.171722 -97.034056
106294 0 0 Irrigation 40.171711 -97.025042
69131 0 0 Irrigation 40.177203 -97.027428
79755 0 0 Irrigation 40.178936 -97.043836

130219 0 0 Irrigation 40.179005 -97.034202
197990 24 0 Irrigation 40.181222 -97.015778
33042 24 0 Irrigation 40.182997 -97.054070
47800 41 0 Irrigation 40.183201 -97.059822

133089 48 0 Irrigation 40.183060 -97.051152
55090 48 0 Irrigation 40.184426 -97.050822
52629 56 0 Irrigation 40.184996 -97.043768
36439 56 0 Irrigation 40.186797 -97.032835

105168 60 0 Domestic 40.189193 -97.062712
138327 60 0 Domestic 40.189778 -97.050417
35656 61 0 Irrigation 40.190036 -97.055016

178470 72 0 Domestic 40.190917 -97.047556
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
35653 75 0 Irrigation 40.196215 -97.069748
79754 85 0 Irrigation 40.195441 -97.034360
35655 100 0 Irrigation 40.196122 -97.057734
37685 110 0 Irrigation 40.196642 -97.038934
34815 118 0 Irrigation 40.197052 -97.054071
45378 125 0 Irrigation 40.198165 -97.043532

137925 130 0 Irrigation 40.204301 -97.033618
127755 144 0 Domestic 40.207323 -97.085261
183882 160 0 Irrigation 40.208167 -97.053222
101259 191 0 Irrigation 40.215255 -97.062456
156507 217 0 Irrigation 40.215222 -97.054861
135705 241 0 Irrigation 40.237138 -97.095339
174404 292 0 Domestic 40.237829 -97.073138
106572 305 0 Irrigation 40.244363 -97.100180
183176 56 2 Irrigation 40.251694 -97.110333
21920 60 2 Irrigation 40.251611 -97.100124

145208 108 2 Irrigation 40.251636 -97.086152
146783 116 2 Irrigation 40.251597 -97.081280
77577 116 2 Irrigation 40.257087 -97.093011
11062 30 3 Irrigation 40.258953 -97.121386

162842 35 3 Irrigation 40.259023 -97.123966
183177 35 3 Irrigation 40.258889 -97.105028
112066 38 3 Irrigation 40.259232 -97.114584
32921 50 3 Irrigation 40.258929 -97.102671
47927 56 3 Irrigation 40.266113 -97.109539
36154 62 3 Irrigation 40.268015 -97.114337
73420 63 3 Irrigation 40.271566 -97.111922
67079 84 3 Irrigation 40.271446 -97.092995
74246 90 3 Irrigation 40.273299 -97.100092
31897 96 3 Irrigation 40.274534 -97.119935
10404 105 3 Irrigation 40.278835 -97.107214
46973 22 4 Irrigation 40.280590 -97.146739

172733 30 4 Irrigation 40.280553 -97.137384
37442 34 4 Irrigation 40.280501 -97.134875
55203 37 4 Irrigation 40.280618 -97.128448
24607 38 4 Irrigation 40.280630 -97.119048

172668 39 4 Irrigation 40.288053 -97.146835
172813 39 4 Irrigation 40.287931 -97.137306
78151 40 4 Irrigation 40.287865 -97.128455

190069 42 4 Irrigation 40.287932 -97.119063
31830 45 4 Irrigation 40.289612 -97.155808
55202 56 4 Irrigation 40.289674 -97.130823
54896 60 4 Irrigation 40.291486 -97.151372

118873 62 4 Irrigation 40.295137 -97.165683
30118 63 4 Irrigation 40.295158 -97.156140

175316 65 4 Irrigation 40.295168 -97.146672
194508 65 4 Irrigation 40.295194 -97.137500
36501 76 4 Irrigation 40.298716 -97.131227
53722 78 4 Irrigation 40.298925 -97.137440
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
33685 78 4 Irrigation 40.298858 -97.128610
55201 85 4 Irrigation 40.302412 -97.165644
27339 94 4 Irrigation 40.302455 -97.156787

167639 100 4 Domestic 40.305444 -97.157083
37347 104 4 Irrigation 40.306886 -97.151301

152036 106 4 Irrigation 40.309528 -97.184639
111927 108 4 Irrigation 40.309665 -97.146575
36153 136 4 Irrigation 40.316823 -97.175042
31236 52 5 Irrigation 40.316745 -97.150734

111584 0 5 Irrigation 40.318676 -97.182170
152485 26 5 Domestic 40.320694 -97.170504
74892 31 5 Irrigation 40.324180 -97.194023
74893 32 5 Irrigation 40.324125 -97.184554

117460 34 5 Irrigation 40.324079 -97.176563
171179 35 5 Irrigation 40.327972 -97.203444
25153 36 5 Irrigation 40.329153 -97.156161
5826 36 5 Irrigation 40.331427 -97.194005

120967 38 5 Irrigation 40.331205 -97.170333
201131 40 5 Domestic 40.336000 -97.189639
68097 42 5 Irrigation 40.338831 -97.212793

189303 46 5 Irrigation 40.338694 -97.194111
150524 52 5 Irrigation 40.340173 -97.165520
125535 53 5 Domestic 40.340241 -97.166201

4507 64 5 Irrigation 40.342523 -97.168948
63338 64 5 Irrigation 40.344116 -97.196278
64323 64 5 Irrigation 40.345982 -97.203272
7765 65 5 Irrigation 40.347619 -97.178951
34246 80 5 Irrigation 40.349683 -97.196142

191554 80 5 Domestic 40.349556 -97.184611
170166 123 5 Irrigation 40.350066 -97.193235
37708 26 6 Irrigation 40.351722 -97.209741
92721 27 6 Domestic 40.353060 -97.179226
96294 28 6 Irrigation 40.353681 -97.202636
7422 30 6 Irrigation 40.355338 -97.219279

197624 30 6 Irrigation 40.357028 -97.183944
72376 32 6 Irrigation 40.358976 -97.228781
54795 33 6 Irrigation 40.358919 -97.186011
80753 35 6 Irrigation 40.360766 -97.212270

100286 35 6 Irrigation 40.360772 -97.193112
10797 36 6 Irrigation 40.362607 -97.200269
37264 37 6 Irrigation 40.368204 -97.236823
58027 38 6 Irrigation 40.368046 -97.221699

191450 39 6 Irrigation 40.367805 -97.198362
32985 40 6 Irrigation 40.369174 -97.213108
54516 40 6 Irrigation 40.369784 -97.195398
71159 40 6 Irrigation 40.373502 -97.228776

204381 42 6 Irrigation 40.375444 -97.211694
32682 44 6 Irrigation 40.379233 -97.220457
76356 44 6 Irrigation 40.380709 -97.219280
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
197482 45 6 Domestic 40.392917 -97.234889
146020 48 6 Domestic 40.394000 -97.231333
166811 49 6 Domestic 40.408439 -97.219041
133782 50 6 Domestic 40.414308 -97.231213
164535 51 6 Domestic 40.433108 -97.293222
172076 53 6 Domestic 40.434388 -97.281194
93213 54 6 Domestic 40.464275 -97.293027

128865 57 6 Domestic 40.474502 -97.311259
74110 58 6 Irrigation 40.529867 -97.366267
63850 60 6 Irrigation 40.538703 -97.349358
43322 65 6 Irrigation 40.541074 -97.394679
83358 70 6 Irrigation 40.542530 -97.382780
33882 80 6 Irrigation 40.542440 -97.353237
32152 102 6 Irrigation 40.546043 -97.391162
83466 104 6 Irrigation 40.546417 -97.382964
60669 121 6 Irrigation 40.548511 -97.386756

124335 147 6 Irrigation 40.549736 -97.392320
171143 24 7 Irrigation 40.549322 -97.372272
35350 33 7 Domestic 40.549756 -97.386508
19317 37 7 Irrigation 40.549861 -97.381900
72588 37 7 Irrigation 40.549914 -97.376283
42353 38 7 Irrigation 40.550651 -97.400601
73978 38 7 Irrigation 40.553429 -97.401758
69809 39 7 Irrigation 40.553459 -97.363763
82123 39 7 Irrigation 40.553942 -97.373264

204484 39 7 Domestic 40.558383 -97.404200
119455 39 7 Irrigation 40.564295 -97.402032
104461 40 7 Irrigation 40.564252 -97.392373
205091 40 7 Domestic 40.566833 -97.395611
206175 40 7 Domestic 40.566778 -97.381000
28045 40 7 Irrigation 40.567753 -97.389931

155976 40 7 Irrigation 40.571576 -97.411245
136865 41 7 Irrigation 40.571389 -97.382927
91267 41 7 Domestic 40.573375 -97.420789
60670 41 7 Irrigation 40.574897 -97.401514
36247 43 7 Irrigation 40.574970 -97.394923

118764 44 7 Irrigation 40.578726 -97.420706
61349 44 7 Irrigation 40.578755 -97.411259
19318 48 7 Irrigation 40.578881 -97.404526

139100 50 7 Irrigation 40.578850 -97.401825
136198 50 7 Irrigation 40.578777 -97.382794
72309 50 7 Irrigation 40.580493 -97.389909
14131 50 7 Irrigation 40.582412 -97.416114
59362 52 7 Irrigation 40.583077 -97.401601
66636 53 7 Irrigation 40.584234 -97.408880
40831 53 7 Irrigation 40.586058 -97.429049

147804 60 7 Irrigation 40.589764 -97.439831
146043 60 7 Irrigation 40.593523 -97.444820
64500 63 7 Irrigation 40.593318 -97.430182
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
60133 64 7 Irrigation 40.593276 -97.420806
99103 64 7 Irrigation 40.593385 -97.411373
62124 69 7 Irrigation 40.593290 -97.401716
9625 73 7 Irrigation 40.595085 -97.423192

169825 78 7 Irrigation 40.597266 -97.439884
164671 95 7 Irrigation 40.600690 -97.454132
62897 107 7 Irrigation 40.600731 -97.449312

149919 117 7 Domestic 40.601225 -97.463800
169826 117 7 Irrigation 40.600600 -97.430136
37674 24 8 Irrigation 40.600512 -97.425293
26654 33 8 Irrigation 40.601551 -97.406636
58360 33 8 Irrigation 40.602383 -97.418362
56057 34 8 Irrigation 40.604308 -97.439867
5479 35 8 Irrigation 40.606003 -97.411177
91305 37 8 Irrigation 40.607877 -97.468290
50916 40 8 Irrigation 40.607808 -97.454026
14120 40 8 Irrigation 40.607877 -97.434010

121831 40 8 Irrigation 40.607832 -97.425651
126156 40 8 Irrigation 40.607827 -97.420644
181346 41 8 Irrigation 40.611706 -97.449220
27194 41 8 Irrigation 40.611341 -97.420715

141276 43 8 Irrigation 40.615158 -97.487717
115096 44 8 Irrigation 40.615020 -97.478350
63516 44 8 Irrigation 40.615062 -97.468324
99319 45 8 Irrigation 40.615055 -97.449339

173986 45 8 Irrigation 40.615086 -97.439833
148340 45 8 Irrigation 40.615019 -97.430118
22998 45 8 Irrigation 40.618624 -97.463546

168882 45 8 Irrigation 40.622421 -97.478391
98952 45 8 Irrigation 40.622303 -97.458954

178135 46 8 Irrigation 40.622375 -97.449300
159877 46 8 Irrigation 40.622251 -97.440002
62852 46 8 Irrigation 40.624152 -97.485462
35130 46 8 Irrigation 40.623704 -97.444039

187821 46 8 Domestic 40.624500 -97.464389
29767 47 8 Irrigation 40.625893 -97.497379
60023 50 8 Irrigation 40.629599 -97.497366
27735 50 8 Irrigation 40.629613 -97.487853
83244 52 8 Irrigation 40.629595 -97.458982
18202 55 8 Irrigation 40.634610 -97.506551
51897 56 8 Irrigation 40.636816 -97.497477

109148 60 8 Irrigation 40.636751 -97.492399
32185 65 8 Irrigation 40.640081 -97.483463

173251 72 8 Domestic 40.641226 -97.485884
11840 73 8 Irrigation 40.642227 -97.485487
30065 87 8 Irrigation 40.643705 -97.482969
99861 117 8 Domestic 40.647309 -97.502943

136197 196 8 Irrigation 40.647599 -97.512210
73320 204 8 Irrigation 40.651239 -97.516584
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
177347 30 9 Irrigation 40.651224 -97.507214
129627 33 9 Irrigation 40.651307 -97.497589
29643 37 9 Irrigation 40.651190 -97.478380
34948 37 9 Irrigation 40.653174 -97.487903

186477 39 9 Irrigation 40.658556 -97.516475
76468 40 9 Irrigation 40.658582 -97.507080

169829 41 9 Irrigation 40.658623 -97.497581
1958 45 9 Irrigation 40.658610 -97.487911
15069 45 9 Irrigation 40.665804 -97.526747
31257 45 9 Irrigation 40.665381 -97.507089
55190 45 9 Irrigation 40.665775 -97.516591
97457 47 9 Irrigation 40.665857 -97.497434
95972 50 9 Irrigation 40.665694 -97.487916

140260 58 9 Domestic 40.669996 -97.529232
5268 119 9 Irrigation 40.673009 -97.516631

168805 196 9 Irrigation 40.673077 -97.507076
84201 28 10 Irrigation 40.673086 -97.497467
26993 32 10 Irrigation 40.674742 -97.533225
19979 32 10 Irrigation 40.679225 -97.515783
36135 37 10 Irrigation 40.680300 -97.530354
13008 40 10 Irrigation 40.680334 -97.497529
38315 40 10 Irrigation 40.681328 -97.507065
51285 40 10 Irrigation 40.687530 -97.523711

180467 40 10 Domestic 40.688350 -97.533633
31734 40 10 Irrigation 40.689150 -97.516566
7497 40 10 Irrigation 40.689501 -97.504813
55605 40 10 Irrigation 40.694764 -97.526070

179097 41 10 Irrigation 40.695082 -97.535811
73060 43 10 Irrigation 40.694831 -97.516670
37888 43 10 Irrigation 40.699380 -97.552473

122010 43 10 Irrigation 40.700743 -97.532217
37886 45 10 Irrigation 40.702348 -97.554424
57037 47 10 Irrigation 40.702325 -97.525767
82999 48 10 Irrigation 40.702333 -97.516306
37318 50 10 Irrigation 40.709423 -97.540136

181208 50 10 Irrigation 40.709288 -97.525445
85644 50 10 Irrigation 40.709580 -97.516209
69692 50 10 Irrigation 40.711411 -97.556826
69597 52 10 Irrigation 40.711404 -97.552063
88806 52 10 Domestic 40.713447 -97.542324

156066 53 10 Irrigation 40.713790 -97.540391
148883 56 10 Irrigation 40.716755 -97.563940
77375 58 10 Irrigation 40.722201 -97.556783

139417 60 10 Irrigation 40.724008 -97.563939
61607 60 10 Irrigation 40.723926 -97.544866
99597 60 10 Irrigation 40.726846 -97.572853

156354 61 10 Irrigation 40.727278 -97.535306
72928 62 10 Irrigation 40.731256 -97.564011
95695 62 10 Irrigation 40.731154 -97.552102
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
203926 63 10 Irrigation 40.731013 -97.544613
171719 80 10 Irrigation 40.731944 -97.539806

8901 88 10 Irrigation 40.736745 -97.580586
8900 220 10 Irrigation 40.736638 -97.556345
44563 40 11 Irrigation 40.738529 -97.570827

153843 40 11 Irrigation 40.738556 -97.563917
121227 43 11 Domestic 40.739447 -97.575026
16921 43 11 Irrigation 40.740348 -97.573413
31482 48 11 Irrigation 40.742071 -97.582930
36564 48 11 Irrigation 40.742162 -97.558525
45665 50 11 Irrigation 40.742097 -97.551885
10792 50 11 Irrigation 40.742692 -97.545280
7557 52 11 Irrigation 40.745375 -97.568575
60536 55 11 Irrigation 40.745778 -97.582938
76553 60 11 Irrigation 40.745784 -97.573503
79323 30 12 Irrigation 40.745587 -97.563979
51254 35 12 Irrigation 40.749261 -97.566547
33481 36 12 Irrigation 40.749658 -97.574794
61680 40 12 Irrigation 40.749106 -97.548946
51704 41 12 Irrigation 40.749595 -97.561443
61155 43 12 Irrigation 40.751223 -97.580569
49083 45 12 Irrigation 40.751089 -97.565911

154932 45 12 Irrigation 40.752816 -97.554299
81302 46 12 Irrigation 40.752972 -97.559242
45628 48 12 Irrigation 40.753378 -97.572083

119185 48 12 Domestic 40.753825 -97.580721
122512 48 12 Domestic 40.753950 -97.584452
119356 50 12 Domestic 40.753933 -97.581769
122722 50 12 Domestic 40.753955 -97.581473
134178 55 12 Domestic 40.754101 -97.580577
123779 55 12 Domestic 40.754158 -97.581805
115849 60 12 Domestic 40.754769 -97.579687
115761 62 12 Domestic 40.755085 -97.579688
122857 68 12 Domestic 40.755402 -97.579569
127547 80 12 Domestic 40.755628 -97.584446
119322 100 12 Domestic 40.755648 -97.582369
133866 390 12 Domestic 40.755710 -97.584500
108299 35 13 Domestic 40.756104 -97.582132
101891 40 13 Domestic 40.756293 -97.586533
191672 40 13 Domestic 40.756361 -97.586917
101892 40 13 Domestic 40.756431 -97.586533
137633 46 13 Domestic 40.756389 -97.581111
76552 46 13 Irrigation 40.758337 -97.585344
28496 48 13 Irrigation 40.759203 -97.592104

109452 143 13 Domestic 40.759545 -97.550808
110840 40 14 Irrigation 40.760274 -97.562761
76475 42 14 Irrigation 40.761961 -97.585336
6469 44 14 Irrigation 40.762031 -97.561560
51558 45 14 Irrigation 40.762012 -97.552251
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
51592 50 14 Irrigation 40.766825 -97.591979
45822 50 14 Irrigation 40.767086 -97.596745
30461 50 14 Irrigation 40.766358 -97.556862

122081 50 14 Domestic 40.767691 -97.596382
170746 50 14 Irrigation 40.767427 -97.578302
66289 50 14 Irrigation 40.767467 -97.564025

152259 53 14 Domestic 40.769578 -97.586477
60645 55 14 Irrigation 40.769279 -97.571202

133582 56 14 Domestic 40.769637 -97.588001
51591 62 14 Irrigation 40.774557 -97.630955
64031 70 14 Irrigation 40.774553 -97.621421
42971 117 14 Irrigation 40.774510 -97.611960

155978 145 14 Irrigation 40.774917 -97.602444
159365 37 15 Irrigation 40.775139 -97.598333
28664 40 15 Irrigation 40.775340 -97.563928
59270 45 15 Irrigation 40.776439 -97.590045
55016 45 15 Irrigation 40.776443 -97.571132
72926 46 15 Irrigation 40.778125 -97.625978
72927 53 15 Irrigation 40.778097 -97.616781
54606 59 15 Irrigation 40.780013 -97.647506
27934 60 15 Irrigation 40.779234 -97.575217
34269 60 15 Irrigation 40.779972 -97.606971
31963 61 15 Irrigation 40.780728 -97.638569
55017 63 15 Irrigation 40.780091 -97.580484
66357 65 15 Irrigation 40.781805 -97.630910
82968 70 15 Irrigation 40.781800 -97.614267
28713 70 15 Irrigation 40.782536 -97.648019
42653 40 16 Irrigation 40.782133 -97.601828

155525 42 16 Irrigation 40.781806 -97.582944
77374 45 16 Irrigation 40.781888 -97.573420
69839 46 16 Irrigation 40.783614 -97.623747
9236 52 16 Irrigation 40.784786 -97.650433

153280 53 16 Domestic 40.784750 -97.639750
187810 53 16 Domestic 40.784389 -97.586806
46232 62 16 Irrigation 40.785478 -97.621279
44157 120 16 Irrigation 40.785368 -97.613106
29085 130 16 Irrigation 40.785366 -97.597503

152262 146 16 Domestic 40.785545 -97.591001
16922 42 17 Irrigation 40.787172 -97.592660
41358 45 17 Irrigation 40.789059 -97.649898

167598 45 17 Irrigation 40.789017 -97.640290
27995 50 17 Irrigation 40.789066 -97.611800
35790 51 17 Irrigation 40.788966 -97.575182
72329 53 17 Irrigation 40.790868 -97.604645
72839 54 17 Irrigation 40.791897 -97.632958

201276 56 17 Domestic 40.793642 -97.636444
76938 210 17 Irrigation 40.794511 -97.637974
63321 282 17 Irrigation 40.796313 -97.659500
28720 40 18 Irrigation 40.796350 -97.654786
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
47911 47 18 Irrigation 40.796316 -97.649891
9486 54 18 Irrigation 40.796323 -97.621334
81435 55 18 Irrigation 40.796809 -97.639924
52404 64 18 Irrigation 40.796254 -97.611797

147159 67 18 Irrigation 40.799889 -97.651917
32376 70 18 Irrigation 40.799823 -97.644980
26553 110 18 Irrigation 40.799878 -97.630745
44193 117 18 Irrigation 40.801759 -97.654675
63598 240 18 Irrigation 40.803502 -97.664325
16749 50 19 Irrigation 40.803515 -97.655477
33021 92 19 Irrigation 40.803605 -97.649878
16754 150 19 Irrigation 40.803550 -97.640352
22972 41 20 Irrigation 40.803644 -97.632603
28712 47 20 Irrigation 40.807243 -97.654699
15233 48 20 Irrigation 40.810477 -97.662085
16752 52 20 Irrigation 40.810798 -97.640348
54746 54 20 Irrigation 40.810777 -97.630876
6922 55 20 Irrigation 40.811592 -97.654975
28289 60 20 Irrigation 40.814367 -97.654749
62461 60 20 Irrigation 40.814592 -97.659578

170216 64 20 Irrigation 40.815278 -97.667528
27047 68 20 Irrigation 40.817187 -97.664347
16746 73 20 Irrigation 40.817168 -97.645054

168804 78 20 Irrigation 40.817694 -97.669306
95955 80 20 Irrigation 40.817617 -97.659053
27093 100 20 Irrigation 40.817436 -97.649282
32391 120 20 Irrigation 40.817727 -97.637901
94475 133 20 Irrigation 40.819948 -97.671622
51761 136 20 Irrigation 40.820750 -97.654822
38539 160 20 Irrigation 40.821708 -97.640376
36669 280 20 Irrigation 40.825301 -97.640390

183945 296 20 Irrigation 40.827083 -97.655167
37499 405 20 Irrigation 40.827421 -97.649384
37501 413 20 Irrigation 40.829765 -97.652756
9553 46 21 Irrigation 40.834409 -97.671736
72963 50 21 Irrigation 40.834368 -97.662193
73721 53 21 Irrigation 40.834336 -97.642814
73720 66 21 Irrigation 40.834336 -97.638043
29052 72 21 Irrigation 40.836177 -97.678816
37500 78 21 Irrigation 40.836088 -97.647888
57181 78 21 Irrigation 40.837992 -97.662211
57179 128 21 Irrigation 40.837971 -97.657439
57180 140 21 Irrigation 40.841615 -97.662228
73719 75 22 Irrigation 40.841584 -97.652389
73717 82 22 Irrigation 40.841584 -97.642845

182793 100 22 Irrigation 40.843083 -97.678250
26700 63 23 Irrigation 40.845093 -97.673407
9552 105 23 Irrigation 40.845239 -97.666990
38026 113 23 Irrigation 40.845905 -97.649124
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
82393 120 23 Irrigation 40.847054 -97.680343
82392 125 23 Irrigation 40.847057 -97.679331

153617 151 23 Irrigation 40.847167 -97.659944
65368 60 24 Irrigation 40.847052 -97.650009
21501 68 24 Irrigation 40.847237 -97.654948
16299 70 24 Irrigation 40.849474 -97.669466

153611 72 24 Irrigation 40.849833 -97.664417
69219 84 24 Irrigation 40.852459 -97.657369
51161 140 24 Irrigation 40.853294 -97.665757

134366 210 24 Domestic 40.854790 -97.674712
46890 255 24 Irrigation 40.856014 -97.665626

152127 52 25 Irrigation 40.858044 -97.680028
201726 60 25 Irrigation 40.857873 -97.650497
99842 70 25 Domestic 40.859388 -97.675504
59912 70 25 Irrigation 40.859781 -97.666821
31796 76 25 Irrigation 40.860768 -97.695069
60329 78 25 Irrigation 40.861610 -97.669294
82366 79 25 Irrigation 40.861526 -97.657456
14241 100 25 Irrigation 40.861511 -97.651569
63003 102 25 Irrigation 40.862697 -97.687683
16987 121 25 Irrigation 40.862631 -97.674058
63004 130 25 Irrigation 40.863161 -97.689350
95261 150 25 Irrigation 40.867407 -97.664172
6654 164 25 Irrigation 40.868217 -97.685322
47845 199 25 Irrigation 40.868842 -97.697634
53317 207 25 Irrigation 40.868928 -97.688417
11190 225 25 Irrigation 40.868961 -97.673981
11380 247 25 Irrigation 40.870657 -97.699972
72932 86 26 Irrigation 40.870685 -97.671376
15989 104 26 Irrigation 40.872484 -97.692690
11188 123 26 Irrigation 40.872361 -97.683119
40510 214 26 Irrigation 40.872294 -97.664222
11189 260 26 Irrigation 40.874195 -97.676093
72933 64 27 Irrigation 40.874181 -97.671340
11998 79 27 Irrigation 40.874153 -97.661792

139612 86 27 Irrigation 40.875958 -97.678382
34296 110 27 Irrigation 40.875954 -97.667133
26513 220 27 Irrigation 40.877441 -97.678462
56693 115 28 Irrigation 40.877886 -97.699933
74402 210 28 Irrigation 40.877872 -97.695158
15971 199 29 Irrigation 40.877865 -97.692717
63640 36 30 Irrigation 40.877791 -97.666564
42639 75 30 Irrigation 40.878800 -97.673732
59843 90 30 Irrigation 40.879742 -97.686928
9652 98 30 Irrigation 40.881456 -97.680908
63639 100 30 Irrigation 40.881429 -97.671337

108512 100 30 Irrigation 40.882226 -97.689161
108513 110 30 Irrigation 40.882224 -97.687714
127041 126 30 Irrigation 40.882932 -97.683233
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
20876 130 30 Irrigation 40.884069 -97.699669
95836 145 30 Irrigation 40.884239 -97.704807
20877 155 30 Irrigation 40.884188 -97.697556

100983 170 30 Irrigation 40.884153 -97.692745
20874 234 30 Irrigation 40.884561 -97.699086
20875 65 31 Irrigation 40.885134 -97.699945

101637 85 31 Irrigation 40.885251 -97.692602
95837 90 31 Irrigation 40.885704 -97.710092

101127 97 31 Irrigation 40.887089 -97.711760
100946 130 31 Irrigation 40.886685 -97.687359
32489 143 31 Irrigation 40.887446 -97.711724
33374 160 31 Irrigation 40.888102 -97.707492
82416 48 32 Irrigation 40.888750 -97.698275
82417 97 32 Irrigation 40.888745 -97.697552
75707 280 32 Irrigation 40.888707 -97.690476

104551 100 33 Domestic 40.888813 -97.687748
82418 85 34 Irrigation 40.890141 -97.697003

105022 94 34 Domestic 40.889808 -97.673562
50290 100 34 Irrigation 40.890617 -97.705974
33722 124 34 Irrigation 40.890521 -97.691683
26908 153 34 Irrigation 40.890661 -97.683119
75706 208 34 Irrigation 40.892331 -97.690449

196416 72 35 Irrigation 40.892141 -97.673809
68288 78 35 Domestic 40.892310 -97.671360
68287 80 35 Irrigation 40.892310 -97.671360

155264 83 35 Irrigation 40.893083 -97.682889
50627 105 35 Irrigation 40.894246 -97.697454
86398 134 35 Irrigation 40.894342 -97.702158
28162 165 36 Irrigation 40.895385 -97.714767
14460 198 36 Irrigation 40.895189 -97.693976
72349 143 37 Irrigation 40.895383 -97.683119
26521 163 37 Irrigation 40.895597 -97.687932
27273 77 38 Irrigation 40.895989 -97.702259
66977 86 38 Irrigation 40.897986 -97.721333
45674 158 38 Irrigation 40.897272 -97.680744
63084 97 39 Irrigation 40.897763 -97.688021
26522 196 39 Irrigation 40.899661 -97.687985

580 221 39 Irrigation 40.901331 -97.725994
32348 69 40 Irrigation 40.901342 -97.711784

581 104 40 Irrigation 40.905100 -97.716764
45537 130 40 Irrigation 40.905121 -97.691422

181916 132 40 Irrigation 40.905269 -97.697078
78615 180 40 Irrigation 40.905576 -97.709669
81385 214 40 Irrigation 40.905927 -97.702280
6993 240 40 Irrigation 40.906888 -97.723782
54905 360 40 Irrigation 40.906888 -97.723782
10136 100 41 Irrigation 40.906888 -97.719005
7306 420 41 Irrigation 40.906922 -97.699894
36623 104 42 Irrigation 40.908686 -97.702233
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
18999 208 42 Irrigation 40.908818 -97.690346

112634 110 43 Domestic 40.909980 -97.730398
10134 120 43 Irrigation 40.910512 -97.714230
45848 131 44 Irrigation 40.912275 -97.734705

181917 140 44 Irrigation 40.912297 -97.716756
164882 71 45 Irrigation 40.912291 -97.707066
201755 220 45 Irrigation 40.912444 -97.697361
60688 234 45 Irrigation 40.914175 -97.709491
68816 299 45 Irrigation 40.914184 -97.695136

154509 275 46 Irrigation 40.916167 -97.711667
164391 78 47 Irrigation 40.916222 -97.706778
97077 84 47 Domestic 40.919149 -97.733471
1832 105 47 Irrigation 40.921323 -97.733436
21258 177 47 Irrigation 40.922571 -97.729600
50601 70 49 Irrigation 40.923209 -97.745146

153838 286 49 Irrigation 40.922806 -97.720778
38358 90 50 Irrigation 40.926750 -97.744932

106605 90 50 Domestic 40.926191 -97.712177
171967 100 50 Irrigation 40.926778 -97.735944

4558 120 50 Irrigation 40.926759 -97.726128
16229 120 50 Irrigation 40.928655 -97.742996
72114 121 50 Irrigation 40.928602 -97.718953
10135 150 50 Irrigation 40.928622 -97.714175
4973 159 50 Irrigation 40.928643 -97.709510
8180 208 50 Irrigation 40.932265 -97.728512

135505 223 50 Domestic 40.933178 -97.742809
39636 125 51 Irrigation 40.934187 -97.755807
17171 100 52 Irrigation 40.934055 -97.743789
13538 114 52 Irrigation 40.934341 -97.735766
63484 115 52 Irrigation 40.936700 -97.754800
66280 130 52 Irrigation 40.935910 -97.709571
30468 143 52 Irrigation 40.936178 -97.721297
40058 220 52 Irrigation 40.936778 -97.740526
3414 299 52 Irrigation 40.937681 -97.759886
33373 97 53 Irrigation 40.937682 -97.738208
3416 131 53 Irrigation 40.939512 -97.728553
19728 264 53 Irrigation 40.940409 -97.751848
58485 357 53 Irrigation 40.941440 -97.764377
8181 90 54 Irrigation 40.941300 -97.745369
30499 133 54 Irrigation 40.941354 -97.736464
51774 120 55 Irrigation 40.941328 -97.726174

100798 141 55 Irrigation 40.941282 -97.716688
141292 150 55 Domestic 40.945110 -97.731271

3837 160 55 Irrigation 40.946159 -97.767613
12239 170 55 Irrigation 40.948477 -97.753061
76357 185 55 Irrigation 40.948508 -97.745357
78915 129 56 Irrigation 40.949076 -97.764562
48186 134 56 Irrigation 40.948550 -97.735798
33371 108 57 Irrigation 40.950341 -97.740575
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
75593 138 57 Irrigation 40.950376 -97.728559
50172 162 57 Irrigation 40.951865 -97.750022
29115 106 58 Irrigation 40.952681 -97.754880
29114 154 58 Irrigation 40.953358 -97.752276
1382 105 59 Irrigation 40.954059 -97.764395
29834 120 59 Irrigation 40.955756 -97.745347

195647 123 59 Irrigation 40.955808 -97.735715
15736 135 59 Irrigation 40.956953 -97.767761
84303 90 60 Irrigation 40.957305 -97.772755
16448 103 60 Irrigation 40.958638 -97.754843
15733 106 60 Irrigation 40.959552 -97.769304
8046 107 60 Irrigation 40.961298 -97.762129
48187 133 60 Irrigation 40.963175 -97.774381

103074 140 60 Irrigation 40.963027 -97.745508
71942 289 60 Irrigation 40.964938 -97.766988
1617 295 60 Irrigation 40.964888 -97.752646
78660 360 60 Irrigation 40.966618 -97.780003
16240 74 62 Irrigation 40.966832 -97.784494
18663 120 62 Irrigation 40.968086 -97.743662
15734 130 62 Irrigation 40.969510 -97.773293
63190 145 62 Irrigation 40.970341 -97.783775
15735 154 62 Irrigation 40.970382 -97.764578
32327 208 62 Irrigation 40.970616 -97.755161
36368 220 62 Irrigation 40.970517 -97.747986
17805 96 63 Irrigation 40.975673 -97.774913

113247 97 63 Domestic 40.975898 -97.755477
29639 98 63 Irrigation 40.976771 -97.779022
22968 113 63 Irrigation 40.981391 -97.793329
49651 200 63 Irrigation 40.983080 -97.762246
24745 260 63 Irrigation 40.984890 -97.798219
23380 108 64 Irrigation 40.984694 -97.764352
41749 109 64 Irrigation 40.984919 -97.774114
80860 125 64 Irrigation 40.984887 -97.764695
75811 160 64 Irrigation 40.986709 -97.786128
22518 181 64 Irrigation 40.990162 -97.798099
17238 300 64 Irrigation 40.991032 -97.788439
81161 95 65 Irrigation 40.992069 -97.802905

182926 100 65 Domestic 40.992002 -97.779245
9905 100 65 Irrigation 40.993320 -97.779244
30262 102 65 Irrigation 40.996038 -97.765205
18702 110 65 Irrigation 40.998911 -97.794894
41893 110 65 Irrigation 40.999368 -97.807495
9906 145 65 Irrigation 40.999445 -97.783731
29311 188 65 Irrigation 40.999480 -97.769158
22273 200 65 Irrigation 40.999756 -97.771210
57654 210 65 Irrigation 41.004800 -97.800573

204903 325 65 Irrigation 41.006558 -97.812361
56967 105 66 Irrigation 41.006664 -97.793429
28164 114 66 Irrigation 41.006665 -97.783897
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
45775 212 66 Irrigation 41.006726 -97.769602
74194 240 66 Irrigation 41.008355 -97.819640
6784 262 66 Irrigation 41.008494 -97.776604
54802 271 66 Irrigation 41.010206 -97.814902
30427 272 66 Irrigation 41.010280 -97.798267
26297 300 66 Irrigation 41.011523 -97.819605
11797 90 68 Irrigation 41.012047 -97.800698
76951 99 68 Irrigation 41.012082 -97.795914
14113 109 68 Irrigation 41.013802 -97.810806
64876 110 68 Irrigation 41.013940 -97.783803

128998 110 68 Irrigation 41.017540 -97.803193
32695 110 68 Irrigation 41.017625 -97.793541
44648 110 68 Irrigation 41.020217 -97.826245
41070 127 68 Irrigation 41.021027 -97.835363
8081 135 68 Irrigation 41.021000 -97.812671
15958 163 68 Irrigation 41.027155 -97.807703
16415 220 68 Irrigation 41.028430 -97.836642
72159 343 68 Irrigation 41.030096 -97.824589
31654 105 69 Irrigation 41.031756 -97.803108
72211 140 69 Irrigation 41.033862 -97.843081
41045 160 69 Irrigation 41.034854 -97.852143
34301 104 70 Irrigation 41.034900 -97.805600
73409 104 70 Irrigation 41.035436 -97.821728
41120 105 70 Irrigation 41.035553 -97.823950
7093 110 70 Irrigation 41.037458 -97.838297
27409 115 70 Irrigation 41.040325 -97.812617
41046 119 70 Irrigation 41.042884 -97.850163
52368 120 70 Irrigation 41.043030 -97.826224
9919 123 70 Irrigation 41.044766 -97.852466
44031 128 70 Irrigation 41.044664 -97.830830
7846 146 70 Irrigation 41.044620 -97.815010
18373 149 70 Irrigation 41.046079 -97.835001

133223 156 70 Irrigation 41.046674 -97.842294
33464 160 70 Irrigation 41.046764 -97.823319
3653 160 70 Irrigation 41.048489 -97.835219
31751 169 70 Irrigation 41.050187 -97.864163
29050 170 70 Irrigation 41.051814 -97.866526
8273 228 70 Irrigation 41.051878 -97.851992
71711 244 70 Irrigation 41.053927 -97.823267
8274 335 70 Irrigation 41.055131 -97.846089
9921 113 71 Irrigation 41.055614 -97.868777
25237 114 71 Irrigation 41.055618 -97.860998

165651 130 71 Domestic 41.057778 -97.866667
62900 136 71 Irrigation 41.057417 -97.842200

165650 140 71 Domestic 41.058056 -97.866389
49589 195 71 Irrigation 41.057560 -97.832853
5291 208 71 Irrigation 41.059253 -97.837283
28803 208 71 Irrigation 41.059731 -97.852276
17239 244 71 Irrigation 41.061147 -97.842519
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
9908 100 72 Irrigation 41.062904 -97.854304
40454 102 72 Irrigation 41.063556 -97.873642

113241 120 72 Domestic 41.066399 -97.846516
5293 128 72 Irrigation 41.066814 -97.861467
5292 140 72 Irrigation 41.067989 -97.861465
20672 140 72 Irrigation 41.068321 -97.856647
93497 160 72 Irrigation 41.068313 -97.851899
49578 185 72 Irrigation 41.070442 -97.842383
18511 208 72 Irrigation 41.072067 -97.871162
67383 240 72 Irrigation 41.071923 -97.861468
31913 105 73 Irrigation 41.072072 -97.853416
44541 108 73 Irrigation 41.073763 -97.875985
13573 110 73 Irrigation 41.077446 -97.872381

141522 110 73 Irrigation 41.077833 -97.876056
134129 112 73 Irrigation 41.077427 -97.853077
13394 120 73 Irrigation 41.079147 -97.861672
14889 157 73 Irrigation 41.081035 -97.856820
17552 188 73 Irrigation 41.081070 -97.848463
22841 112 74 Irrigation 41.082779 -97.878624
46684 134 74 Irrigation 41.082942 -97.871089
40460 166 74 Irrigation 41.082782 -97.861642
30922 180 74 Irrigation 41.086553 -97.887467
11253 183 74 Irrigation 41.088223 -97.883114
9297 190 74 Irrigation 41.088313 -97.849465
38443 208 74 Irrigation 41.089979 -97.875887
99892 130 75 Irrigation 41.090046 -97.857641

114589 135 75 Domestic 41.090420 -97.859086
22007 138 75 Irrigation 41.091852 -97.885494
67369 140 75 Irrigation 41.093704 -97.871145
12940 151 75 Irrigation 41.093670 -97.866256
25236 161 75 Irrigation 41.096147 -97.871168

157984 190 75 Irrigation 41.098809 -97.866191
60476 191 75 Irrigation 41.100911 -97.900040
72636 234 75 Irrigation 41.102723 -97.892853
35409 247 75 Irrigation 41.104686 -97.892853
48740 110 76 Irrigation 41.107069 -97.898198
66949 128 76 Irrigation 41.107438 -97.914203

152618 128 76 Domestic 41.106770 -97.877530
51340 168 76 Irrigation 41.108623 -97.885775
12943 190 76 Irrigation 41.109981 -97.883180
96571 240 76 Irrigation 41.111844 -97.880941
16366 149 77 Irrigation 41.113876 -97.921691
12944 155 77 Irrigation 41.113191 -97.876270

187425 172 77 Irrigation 41.114298 -97.919692
115344 217 77 Irrigation 41.117427 -97.924301
164151 280 77 Irrigation 41.119290 -97.913258
39109 116 78 Irrigation 41.119286 -97.912477
39108 153 78 Irrigation 41.119432 -97.917800

114045 170 78 Irrigation 41.121462 -97.904294
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
12395 180 78 Irrigation 41.123282 -97.919470
12396 182 78 Irrigation 41.123727 -97.914263
70184 187 78 Irrigation 41.126332 -97.913663

115342 210 78 Irrigation 41.126199 -97.895135
14692 229 78 Irrigation 41.126692 -97.904720
14691 260 78 Irrigation 41.127914 -97.897603
17380 280 78 Irrigation 41.129072 -97.932269
84284 300 78 Irrigation 41.129124 -97.934531
14086 400 78 Irrigation 41.128750 -97.895107
14087 130 79 Irrigation 41.128750 -97.890332
35893 149 79 Irrigation 41.129574 -97.899624
54094 195 79 Irrigation 41.130567 -97.934031
14693 200 79 Irrigation 41.130191 -97.904670
14152 205 79 Irrigation 41.133394 -97.933967
14149 247 79 Irrigation 41.133870 -97.938131

168868 248 79 Irrigation 41.135431 -97.924208
14151 260 79 Irrigation 41.136935 -97.943771

148844 104 80 Irrigation 41.136694 -97.929250
12319 111 80 Irrigation 41.136939 -97.916997
15893 111 80 Irrigation 41.137242 -97.915589

152844 112 80 Irrigation 41.138778 -97.939778
10141 115 80 Irrigation 41.141233 -97.932358
77919 117 80 Irrigation 41.141998 -97.946485
2446 118 80 Irrigation 41.142635 -97.922063

168867 120 80 Irrigation 41.142758 -97.924886
2228 120 80 Irrigation 41.143126 -97.908943
73782 130 80 Irrigation 41.143819 -97.939203
77867 140 80 Irrigation 41.144042 -97.934075

117925 141 80 Irrigation 41.143803 -97.904553
75933 143 80 Irrigation 41.144519 -97.914692
2445 145 80 Irrigation 41.146253 -97.922332
2447 154 80 Irrigation 41.146314 -97.917539
2448 160 80 Irrigation 41.146314 -97.917539
21233 160 80 Irrigation 41.146967 -97.924864
8281 160 80 Irrigation 41.147731 -97.933314
23638 160 80 Irrigation 41.148028 -97.945207
21563 169 80 Irrigation 41.148641 -97.924887

170349 175 80 Irrigation 41.149500 -97.942361
42020 186 80 Irrigation 41.149229 -97.917161
94457 188 80 Domestic 41.150557 -97.944760

121034 200 80 Irrigation 41.150973 -97.959438
66597 234 80 Irrigation 41.151181 -97.943222
2231 236 80 Irrigation 41.150642 -97.913436
66594 248 80 Irrigation 41.151244 -97.934331
15894 250 80 Irrigation 41.151108 -97.912975
42021 268 80 Irrigation 41.151606 -97.924909
8283 290 80 Irrigation 41.152380 -97.927182
7376 292 80 Irrigation 41.152172 -97.912386
66595 312 80 Irrigation 41.153188 -97.927350

Proposed Project Corridor

24



Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
66596 138 81 Irrigation 41.154786 -97.939553
22627 156 81 Irrigation 41.156306 -97.930458
20548 160 81 Irrigation 41.156881 -97.953797
44021 180 81 Irrigation 41.156615 -97.930565
81439 182 81 Irrigation 41.158273 -97.958623
8282 190 81 Irrigation 41.157967 -97.924830
27197 202 81 Irrigation 41.158700 -97.920184
20549 211 81 Irrigation 41.160053 -97.953853
70397 219 81 Irrigation 41.160656 -97.950792

194507 320 81 Irrigation 41.162033 -97.968028
18615 154 82 Irrigation 41.162692 -97.968221
22806 156 82 Irrigation 41.163854 -97.953723
15302 162 82 Irrigation 41.165719 -97.972713
20720 175 82 Irrigation 41.165772 -97.955036

169580 178 82 Irrigation 41.165656 -97.938292
90361 182 82 Irrigation 41.165781 -97.933308
67130 186 82 Irrigation 41.166087 -97.948617

169581 187 82 Irrigation 41.165858 -97.932514
50889 188 82 Irrigation 41.169265 -97.968274

172376 193 82 Irrigation 41.169361 -97.971000
6960 210 82 Irrigation 41.169319 -97.963115
465 226 82 Irrigation 41.169443 -97.953584

56397 248 82 Irrigation 41.169363 -97.941849
33087 260 82 Irrigation 41.172538 -97.967211
63238 280 82 Irrigation 41.172754 -97.977893
84203 147 83 Irrigation 41.172769 -97.958624

166806 160 83 Irrigation 41.172778 -97.958750
54013 162 83 Irrigation 41.172909 -97.958711
84202 186 83 Irrigation 41.172977 -97.939442
75692 192 83 Irrigation 41.174023 -97.966786

133847 200 83 Irrigation 41.174219 -97.934692
6959 250 83 Irrigation 41.176399 -97.960809
28639 254 83 Irrigation 41.176580 -97.970502
28033 160 84 Irrigation 41.176596 -97.966734
27287 163 84 Irrigation 41.176828 -97.976865
22440 195 84 Irrigation 41.176807 -97.958705
98761 239 84 Domestic 41.176942 -97.956508
22439 329 84 Irrigation 41.177912 -97.963401

139548 352 84 Irrigation 41.180111 -97.973306
54012 386 84 Irrigation 41.180136 -97.968361
69420 125 85 Irrigation 41.180356 -97.948869
57207 130 85 Irrigation 41.180276 -97.941149
66515 135 85 Irrigation 41.181965 -97.956270

117843 135 85 Irrigation 41.183805 -97.963775
63435 135 85 Irrigation 41.184684 -97.982712
56395 135 85 Irrigation 41.184963 -97.944104
13500 150 85 Irrigation 41.185987 -97.989267
15579 154 85 Irrigation 41.185784 -97.963136
66735 160 85 Irrigation 41.185747 -97.958884
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
55452 165 85 Irrigation 41.185935 -97.959939

117842 165 85 Irrigation 41.186605 -97.969539
63437 170 85 Irrigation 41.186962 -97.978121

138346 173 85 Irrigation 41.186444 -97.943667
15580 178 85 Irrigation 41.187209 -97.969544

137120 182 85 Irrigation 41.187139 -97.952056
17567 185 85 Irrigation 41.187391 -97.949090

117841 190 85 Irrigation 41.188829 -97.968467
63436 195 85 Irrigation 41.189127 -97.980426
13501 198 85 Irrigation 41.190917 -97.991791

117508 200 85 Irrigation 41.190382 -97.960011
75531 205 85 Irrigation 41.191231 -97.951461

157870 208 85 Irrigation 41.192611 -97.990250
81647 208 85 Irrigation 41.192535 -97.967394
75033 212 85 Irrigation 41.192821 -97.961121
75322 220 85 Irrigation 41.192842 -97.956323

132571 221 85 Irrigation 41.193850 -97.969883
108255 221 85 Irrigation 41.194018 -97.973064
117018 247 85 Irrigation 41.193853 -97.963542
157872 255 85 Irrigation 41.194722 -97.994139
25500 260 85 Irrigation 41.195297 -97.953769
63595 260 85 Irrigation 41.196434 -97.966051
96532 264 85 Irrigation 41.196972 -97.973100
17548 270 85 Irrigation 41.197285 -97.973157

117529 184 86 Irrigation 41.198305 -97.961653
848 240 86 Irrigation 41.200104 -97.990210

13853 285 86 Irrigation 41.200334 -97.992682
154648 149 87 Irrigation 41.199972 -97.961417
117530 160 87 Irrigation 41.200055 -97.962672
34376 175 87 Irrigation 41.200685 -97.979564
38150 180 87 Irrigation 41.201483 -97.968531
79274 187 87 Irrigation 41.201999 -97.994110
1343 188 87 Irrigation 41.202236 -97.992184
13206 192 87 Irrigation 41.202552 -97.979393
17638 203 87 Irrigation 41.203725 -98.000445

117611 229 87 Irrigation 41.203815 -97.979400
176225 260 87 Irrigation 41.203714 -97.973206
14516 327 87 Irrigation 41.203728 -97.971667

172021 351 87 Irrigation 41.204417 -97.983167
27941 191 88 Irrigation 41.205770 -97.997075

177015 195 88 Irrigation 41.205694 -97.992556
31721 201 88 Irrigation 41.205753 -97.995766
17697 201 88 Irrigation 41.205740 -97.977155
17363 226 88 Irrigation 41.205476 -97.960165
75180 234 88 Irrigation 41.207272 -97.980464

178402 238 88 Irrigation 41.207528 -97.992611
25986 248 88 Irrigation 41.207530 -97.973195
15238 256 88 Irrigation 41.207756 -97.968507

174642 257 88 Irrigation 41.208786 -97.997223
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
18459 260 88 Irrigation 41.208319 -97.967433
5835 268 88 Irrigation 41.209085 -98.008319
81311 325 88 Irrigation 41.209091 -98.007447
5836 340 88 Irrigation 41.209146 -98.007446

184895 360 88 Irrigation 41.209250 -98.007972
191755 158 89 Irrigation 41.209166 -97.987245

1344 185 89 Irrigation 41.210010 -97.992607
25113 200 89 Irrigation 41.211788 -97.997509
12989 296 89 Irrigation 41.211231 -97.962354

174643 110 90 Irrigation 41.212008 -98.001977
172023 149 90 Irrigation 41.211800 -97.987883
17698 150 90 Irrigation 41.212650 -97.982940
48137 156 90 Irrigation 41.213014 -97.993106

144605 156 90 Irrigation 41.212930 -97.985230
59628 169 90 Irrigation 41.212675 -97.968117
39799 172 90 Irrigation 41.213766 -97.994564
27465 174 90 Irrigation 41.213875 -97.996235
32836 182 90 Irrigation 41.214123 -98.002048
52508 186 90 Irrigation 41.214397 -97.983195
65252 189 90 Irrigation 41.214735 -97.995637
77465 190 90 Irrigation 41.214920 -98.005669
44247 200 90 Irrigation 41.215140 -98.011555
63594 212 90 Irrigation 41.214534 -97.970924
52506 215 90 Irrigation 41.215137 -97.984850
15134 221 90 Irrigation 41.215467 -97.998169
52507 221 90 Irrigation 41.216148 -97.986032
26516 221 90 Irrigation 41.216924 -98.015698

127939 233 90 Irrigation 41.216518 -97.987868
69187 240 90 Irrigation 41.216735 -97.998818
39798 240 90 Irrigation 41.216868 -98.001961
52505 240 90 Irrigation 41.217087 -97.986851

152772 240 90 Irrigation 41.217611 -98.016250
41520 247 90 Irrigation 41.217500 -98.004459
15136 247 90 Irrigation 41.217856 -97.998161
44248 247 90 Irrigation 41.218214 -98.011645
72164 249 90 Irrigation 41.218231 -97.990250
41483 254 90 Irrigation 41.219277 -98.001117
41484 258 90 Irrigation 41.219599 -97.998111
37910 260 90 Irrigation 41.220355 -98.016477
80264 260 90 Irrigation 41.220275 -98.011614
28601 260 90 Irrigation 41.220547 -98.021344
80265 260 90 Irrigation 41.220281 -98.005958

145194 270 90 Irrigation 41.220520 -98.018326
145277 280 90 Irrigation 41.221082 -98.000110
160978 286 90 Irrigation 41.221556 -97.986111
160980 288 90 Irrigation 41.222333 -97.984361
46173 290 90 Irrigation 41.222812 -97.992588
26649 296 90 Irrigation 41.223072 -98.001906
14699 300 90 Irrigation 41.223278 -97.998126

Proposed Project Corridor

27



Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
39815 322 90 Irrigation 41.223149 -97.986081

160979 328 90 Irrigation 41.223250 -97.990361
89810 345 90 Irrigation 41.223842 -98.016617
42899 192 91 Irrigation 41.223995 -98.021069
37911 198 91 Irrigation 41.223979 -98.014727
51465 201 91 Irrigation 41.223676 -97.982919
14701 208 91 Irrigation 41.223944 -97.997241

127940 210 91 Irrigation 41.224085 -97.999751
186476 218 91 Irrigation 41.223786 -97.978193
54075 240 91 Irrigation 41.223777 -97.976520
20125 299 91 Irrigation 41.224054 -97.987938
80262 175 92 Irrigation 41.224644 -98.011631
51138 190 92 Irrigation 41.225131 -98.002211
51463 192 92 Irrigation 41.225001 -97.980524
80263 202 92 Irrigation 41.225697 -98.011639
80261 240 92 Irrigation 41.225819 -98.006031
28468 250 92 Irrigation 41.225770 -97.980199
47946 278 92 Irrigation 41.226078 -97.978192
75039 290 92 Irrigation 41.227507 -98.018969
51045 290 92 Irrigation 41.227285 -98.001871
10447 293 92 Irrigation 41.227668 -98.015298
3332 299 92 Irrigation 41.227698 -98.013316
3331 300 92 Irrigation 41.229252 -98.021181
843 300 92 Irrigation 41.229053 -98.006900
842 300 92 Irrigation 41.229219 -98.011611

65531 300 92 Irrigation 41.229332 -98.004562
78236 300 92 Irrigation 41.229332 -98.004562

184855 304 92 Irrigation 41.229417 -97.997111
102469 169 93 Irrigation 41.231144 -98.016579
135617 175 93 Irrigation 41.231000 -97.999306
135618 207 93 Irrigation 41.231083 -98.000611

3334 230 93 Irrigation 41.231418 -98.019040
86630 281 93 Irrigation 41.231111 -97.997489
54251 177 94 Irrigation 41.231094 -97.992252
58413 225 94 Irrigation 41.231085 -97.991452

142538 260 94 Irrigation 41.231056 -97.985806
54250 269 94 Irrigation 41.231132 -97.988107

144604 295 94 Irrigation 41.231056 -97.983583
54249 155 95 Irrigation 41.231174 -97.989525
75917 156 95 Irrigation 41.231799 -97.995257

348 172 95 Irrigation 41.232722 -98.026307
28800 175 95 Irrigation 41.232413 -97.997444
57381 195 95 Irrigation 41.233008 -98.028607
8702 195 95 Irrigation 41.232973 -98.023807
58436 200 95 Irrigation 41.232956 -98.004594
52128 208 95 Irrigation 41.233009 -98.004377
25911 209 95 Irrigation 41.233122 -98.002250
91015 210 95 Irrigation 41.233191 -97.993197
16345 215 95 Irrigation 41.234989 -98.030804
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
144853 220 95 Irrigation 41.234833 -98.016194
91820 221 95 Irrigation 41.235143 -98.027023
57345 236 95 Irrigation 41.234864 -98.008125
6518 254 95 Irrigation 41.234944 -98.001883

133188 260 95 Irrigation 41.234992 -97.994831
72304 280 95 Irrigation 41.235461 -98.011600
76206 299 95 Irrigation 41.235633 -98.011622

129560 299 95 Domestic 41.235237 -97.988208
91014 300 95 Irrigation 41.236288 -98.015432
76336 300 95 Irrigation 41.236250 -98.008150

350 315 95 Irrigation 41.236740 -98.028638
74771 390 95 Irrigation 41.236726 -98.023838

172381 169 96 Irrigation 41.236514 -98.011453
6517 186 96 Irrigation 41.237378 -98.001869
76335 215 96 Irrigation 41.237378 -98.001869
12812 233 96 Irrigation 41.237621 -98.014481
6519 300 96 Irrigation 41.238558 -98.001911

172377 307 96 Irrigation 41.238778 -98.007944
50947 140 97 Irrigation 41.240108 -98.025906

172486 145 97 Irrigation 41.240517 -97.996383
61324 158 97 Irrigation 41.242161 -98.016796
61319 170 97 Irrigation 41.243005 -98.035468

145461 180 97 Irrigation 41.242306 -97.994806
61322 215 97 Irrigation 41.243049 -98.031921
61320 220 97 Irrigation 41.243125 -98.034357
61321 295 97 Irrigation 41.243121 -98.033157
61323 300 97 Irrigation 41.243087 -98.030902
35747 300 97 Irrigation 41.244539 -98.002528

158091 112 98 Irrigation 41.245611 -98.006917
34611 162 98 Irrigation 41.245785 -98.016715
28007 208 98 Irrigation 41.245847 -98.011771
46271 277 98 Irrigation 41.249448 -98.007147

166310 300 98 Irrigation 41.252972 -98.042444
38897 140 99 Irrigation 41.253066 -98.035587
47937 177 99 Irrigation 41.253404 -98.054675
70281 250 99 Irrigation 41.253059 -98.016722
87017 311 99 Irrigation 41.253127 -98.007080
51253 330 99 Irrigation 41.253777 -98.043877
14704 338 99 Irrigation 41.258006 -98.065436
57356 155 100 Irrigation 41.258651 -98.047684

166805 172 100 Irrigation 41.260611 -98.077472
124148 200 100 Irrigation 41.260996 -98.073589
80800 208 100 Irrigation 41.260270 -98.016693
51672 220 100 Irrigation 41.263156 -98.059101

183184 231 100 Irrigation 41.263889 -98.047500
80801 234 100 Irrigation 41.263756 -98.016461
64528 234 100 Irrigation 41.265884 -98.047781
47449 235 100 Irrigation 41.267815 -98.069515

147500 273 100 Irrigation 41.267902 -98.064251

Proposed Project Corridor

29



Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
117678 276 100 Irrigation 41.267559 -98.035803
65978 278 100 Irrigation 41.267928 -98.025863
47448 300 100 Irrigation 41.273170 -98.061998
34547 143 101 Irrigation 41.275012 -98.060503

137443 210 101 Domestic 41.278159 -98.093209
108207 220 101 Domestic 41.278055 -98.081027
33437 290 101 Irrigation 41.278719 -98.056325
37574 305 101 Irrigation 41.279466 -98.081244

179163 310 101 Domestic 41.279694 -98.079500
10519 340 101 Irrigation 41.280305 -98.052769

174510 345 101 Irrigation 41.284917 -98.079472
174508 153 102 Irrigation 41.285417 -98.081528
174509 160 102 Irrigation 41.287333 -98.085167
67590 163 102 Irrigation 41.287817 -98.075356
67589 202 102 Irrigation 41.291997 -98.066392
50206 208 102 Irrigation 41.302674 -98.121515

187552 221 102 Domestic 41.309167 -98.094444
65476 232 102 Irrigation 41.310889 -98.116000
20465 232 102 Irrigation 41.311366 -98.099840

201561 240 102 Domestic 41.328250 -98.133900
151476 284 102 Domestic 41.351111 -98.147778
132485 312 102 Domestic 41.365532 -98.135166
77208 177 103 Irrigation 41.398883 -98.180133
34699 243 103 Irrigation 41.400630 -98.169831
77205 157 104 Irrigation 41.405211 -98.181267

119754 193 104 Irrigation 41.405160 -98.171837
29287 332 104 Irrigation 41.413528 -98.190694
50960 219 105 Irrigation 41.420497 -98.200976
58106 240 105 Irrigation 41.426019 -98.201436
24612 240 105 Irrigation 41.434987 -98.226658
45045 248 105 Irrigation 41.437327 -98.175414
51179 254 105 Irrigation 41.438000 -98.178083

133664 260 105 Irrigation 41.440441 -98.219416
162318 273 105 Domestic 41.445556 -98.221389
22712 282 105 Irrigation 41.449823 -98.224585

113361 282 105 Domestic 41.450267 -98.213772
55686 286 105 Irrigation 41.450411 -98.203064
57777 290 105 Irrigation 41.460650 -98.239156
51714 290 105 Irrigation 41.466498 -98.246447

116482 299 105 Domestic 41.467102 -98.249954
111636 300 105 Domestic 41.485458 -98.241617
70230 327 105 Irrigation 41.485910 -98.241499

170648 412 105 Irrigation 41.504444 -98.257500
76837 164 106 Irrigation 41.506077 -98.267806
72282 220 106 Irrigation 41.520415 -98.344212

171299 240 106 Irrigation 41.527618 -98.344180
59101 182 107 Irrigation 41.529360 -98.332120

150015 187 107 Irrigation 41.534760 -98.324874
150016 390 107 Irrigation 41.534774 -98.315264
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
155658 179 108 Irrigation 41.539494 -98.329521
180913 260 108 Irrigation 41.542048 -98.392207
169489 260 108 Irrigation 41.541862 -98.353600
53675 285 108 Irrigation 41.542117 -98.344243
73539 327 108 Irrigation 41.552903 -98.363281

167051 350 108 Irrigation 41.570829 -98.439397
64762 192 109 Irrigation 41.594608 -98.460217

204304 329 109 Irrigation 41.599791 -98.458572
174776 182 110 Irrigation 41.609600 -98.437162
43852 221 110 Irrigation 41.614042 -98.458622

146165 222 110 Irrigation 41.613849 -98.439501
147175 230 110 Irrigation 41.621389 -98.478139
106791 235 110 Irrigation 41.624916 -98.472813
89853 261 110 Domestic 41.626413 -98.445911

162381 299 110 Irrigation 41.628571 -98.487721
69555 310 110 Irrigation 41.726932 -98.573886
70051 312 110 Irrigation 41.751152 -98.638860
47695 216 111 Irrigation 41.751318 -98.631843
58631 352 111 Irrigation 41.751380 -98.609311

180807 440 111 Domestic 41.756667 -98.648889
185510 164 112 Irrigation 41.758438 -98.629327
135049 220 112 Domestic 41.760417 -98.645756
159523 234 112 Domestic 41.763278 -98.652889
189244 296 112 Domestic 41.763611 -98.654444
197533 360 112 Domestic 41.763889 -98.654444
153710 214 113 Domestic 41.763917 -98.654583
108350 220 113 Domestic 41.765435 -98.656134
179013 225 113 Domestic 41.766111 -98.655278
133097 315 113 Domestic 41.766800 -98.655650
108566 425 113 Domestic 41.766869 -98.655558
163354 151 114 Domestic 41.767194 -98.655639
126049 217 114 Domestic 41.767688 -98.655909
154904 218 114 Domestic 41.767833 -98.656083
77674 221 114 Irrigation 41.873896 -98.688234

166567 257 114 Irrigation 41.877633 -98.683500
83652 300 114 Irrigation 41.880926 -98.688266
46078 115 115 Irrigation 41.902624 -98.717518
36957 147 115 Irrigation 41.967972 -98.736857
71345 176 115 Irrigation 41.996946 -98.765518
65880 288 115 Irrigation 42.011401 -98.785098
67524 401 115 Irrigation 42.033209 -98.829000
67523 157 116 Irrigation 42.033237 -98.819432
66165 200 116 Irrigation 42.033238 -98.804816
67517 221 116 Irrigation 42.040261 -98.848562
67518 250 116 Irrigation 42.040261 -98.838942
67521 285 116 Irrigation 42.040275 -98.829304
67522 351 117 Irrigation 42.040288 -98.819600
67511 172 118 Irrigation 42.047507 -98.843983
67510 235 118 Irrigation 42.047658 -98.853598
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
66167 250 118 Irrigation 42.047549 -98.814631
41083 338 118 Irrigation 42.047575 -98.804907
66166 248 119 Irrigation 42.054796 -98.814704
74151 340 119 Irrigation 42.149879 -98.947671
74891 182 120 Irrigation 42.157126 -98.947709

108072 186 120 Domestic 42.183213 -98.947362
161879 192 120 Domestic 42.292842 -99.021944
155836 218 120 Irrigation 42.403390 -99.094771
57503 237 120 Irrigation 42.408821 -99.116757
61956 238 120 Irrigation 42.447577 -99.115068
53129 240 120 Irrigation 42.451173 -99.129748
65242 327 120 Irrigation 42.474655 -99.142032
58777 340 120 Irrigation 42.481881 -99.161490
58778 403 120 Irrigation 42.481921 -99.151700
53128 283 121 Irrigation 42.481921 -99.132236
68268 400 121 Irrigation 42.485525 -99.156602
58776 255 122 Irrigation 42.489127 -99.161505
58775 277 122 Irrigation 42.489168 -99.151714
64890 312 122 Irrigation 42.489182 -99.141984
41912 153 123 Irrigation 42.496036 -99.156950
54803 292 123 Irrigation 42.505434 -99.149549
61802 176 124 Irrigation 42.510782 -99.171834
71642 204 124 Irrigation 42.512630 -99.154509
60858 166 125 Irrigation 42.518044 -99.161881
63142 187 125 Irrigation 42.525249 -99.171773
54826 230 125 Irrigation 42.537963 -99.169331
74335 310 126 Irrigation 42.545231 -99.184066
64364 350 126 Irrigation 42.554198 -99.201168
64365 157 128 Irrigation 42.554198 -99.201168
97125 157 128 Domestic 42.554135 -99.167694

194512 163 128 Irrigation 42.554333 -99.171933
194634 200 128 Irrigation 42.561433 -99.181717
177750 340 128 Domestic 42.565567 -99.184517
63143 216 130 Irrigation 42.575912 -99.201284
82034 230 130 Irrigation 42.575935 -99.181688
53549 231 130 Irrigation 42.582914 -99.189545
66383 258 130 Irrigation 42.583223 -99.181639

193978 420 130 Domestic 42.585367 -99.211250
6285 162 132 Irrigation 42.595934 -99.189115
74491 195 132 Irrigation 42.597544 -99.230862

166399 193 134 Irrigation 42.597483 -99.221567
126957 200 134 Domestic 42.600291 -99.196409
63141 320 135 Irrigation 42.604819 -99.221033
69085 168 136 Irrigation 42.612066 -99.211217
94445 325 136 Domestic 42.615305 -99.202774

172236 340 136 Domestic 42.615387 -99.205208
186995 196 140 Domestic 42.618117 -99.205217
69036 220 140 Irrigation 42.621124 -99.203897
45597 270 140 Irrigation 42.626590 -99.220994
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
45596 222 141 Irrigation 42.626617 -99.211181
57508 287 143 Irrigation 42.633927 -99.250689
45594 207 145 Irrigation 42.633837 -99.220971
45595 220 145 Irrigation 42.633863 -99.211157
43034 205 146 Irrigation 42.635663 -99.253058

133891 320 150 Domestic 42.636263 -99.225392
40594 290 152 Irrigation 42.641158 -99.241050
45600 336 160 Irrigation 42.641062 -99.220988
40593 360 160 Irrigation 42.641144 -99.231059
40595 360 161 Irrigation 42.648384 -99.241000
40592 353 162 Irrigation 42.648370 -99.231137
40591 418 165 Irrigation 42.648389 -99.221320
42320 360 168 Irrigation 42.655520 -99.240837
42321 329 170 Irrigation 42.655506 -99.231019
63496 423 171 Irrigation 42.677353 -99.241022
34981 440 172 Irrigation 42.684789 -99.260517
34267 396 198 Irrigation 42.684740 -99.250695
67198 412 208 Irrigation 42.974140 -99.532321

Source: NE DNR, 2011. Available at: http://dnrdata.dnr.ne.gov/wellscs/Menu.aspx
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Oklahoma
Well ID Total Well Depth (Feet) First Water (Feet) Use Latitude Longitude
13946 55 0 Domestic 33.917979 -95.945455
13945 55 0 Domestic 33.925527 -95.971595

109208 60 0 Domestic 33.949480 -95.986990
29205 70 0 Domestic 33.954560 -95.982541
13940 91 0 Domestic 33.954680 -95.991390

132230 96 0 Public Water Supply 34.001745 -96.039336
13894 100 0 Domestic 34.003575 -96.015321

104733 100 0 Domestic 34.004160 -96.013230
108623 100 0 Domestic 34.011300 -96.023660

9131 100 0 Domestic 34.025123 -96.023892
22469 120 0 Domestic 34.047167 -96.034830

113459 120 0 Domestic 34.051964 -96.066681
13888 120 0 Domestic 34.054356 -96.069973

117002 120 0 Domestic 34.066060 -96.058010
38248 130 0 Domestic 34.072562 -96.093702
13839 140 0 Domestic 34.103283 -96.093792
13836 150 0 Domestic 34.110642 -96.108859
13837 170 0 Domestic 34.112552 -96.115384

103557 170 0 Domestic 34.119950 -96.113510
104734 175 0 Domestic 34.203410 -96.141060
74989 180 0 Domestic 34.245067 -96.179479
74990 180 0 Domestic 34.245067 -96.179479
13313 188 0 Domestic 34.314048 -96.199010

113079 190 0 Domestic 34.448391 -96.257871
23341 197 0 Public Water Supply 34.453812 -96.262255
12909 210 0 Domestic 34.510272 -96.294286
12908 210 0 Domestic 34.517500 -96.294286
30225 220 0 Domestic 34.528299 -96.292102
9272 220 0 Domestic 34.608130 -96.346731
30227 220 0 Domestic 34.695357 -96.375577
38426 220 0 Domestic 34.695357 -96.375577
12922 230 0 Domestic 34.717007 -96.373360

124463 240 0 Domestic 34.747500 -96.392944
28585 250 0 Public Water Supply 34.782782 -96.395087
23829 295 0 Domestic 34.801005 -96.407268
12714 300 0 Domestic 34.839036 -96.390697
26284 330 0 Public Water Supply 34.866222 -96.393941
12724 400 0 Public Water Supply 34.868030 -96.393941
41887 500 0 Irrigation 34.869878 -96.385266
41888 700 0 Irrigation 34.869878 -96.387469
41889 85 2 Irrigation 34.869878 -96.387469
28960 35 10 Domestic 34.869878 -96.398249
24098 335 14 Domestic 34.886354 -96.374242
17534 23 15 Domestic 34.928040 -96.391512
61387 66 15 Domestic 34.962444 -96.404689
35597 100 16 Domestic 34.966390 -96.402240
94518 53 17 Domestic 35.064630 -96.440000
35598 120 17 Domestic 35.067619 -96.422527
12746 60 18 Domestic 35.138531 -96.420262
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Oklahoma
Well ID Total Well Depth (Feet) First Water (Feet) Use Latitude Longitude
11179 70 18 Domestic 35.191148 -96.457757
11181 70 18 Domestic 35.198355 -96.462217
11180 140 18 Domestic 35.198355 -96.462217

117227 58 19 Domestic 35.238138 -96.448870
72349 100 20 Domestic 35.254470 -96.442233
11208 120 20 Domestic 35.280008 -96.460052
37517 135 20 Domestic 35.294613 -96.442426

104146 140 21 Domestic 35.316365 -96.457922
22547 259 23 Domestic 35.318172 -96.442420
11238 60 25 Domestic 35.318172 -96.451278

133386 75 25 Domestic 35.325200 -96.462700
133466 100 25 Domestic 35.330550 -96.462820
37516 100 25 Domestic 35.330778 -96.477683
39404 185 25 Domestic 35.347056 -96.477743
87574 200 25 Domestic 35.347056 -96.486604
87572 400 25 Domestic 35.348927 -96.486606
99497 58 26 Domestic 35.352541 -96.484390
38207 230 27 Domestic 35.361599 -96.464601
11236 245 28 Domestic 35.367059 -96.493289
60664 115 28 Domestic 35.374210 -96.495386
77529 160 28 Domestic 35.376018 -96.499818

126914 100 29 Domestic 35.390833 -96.489444
124860 100 30 Irrigation 35.430350 -96.508850
124861 120 30 Irrigation 35.430383 -96.507433
124862 130 30 Irrigation 35.430567 -96.505933
66166 130 30 Domestic 35.437759 -96.506449
63621 140 30 Domestic 35.437759 -96.508668
93851 280 30 Domestic 35.444267 -96.512517
24947 90 31 Domestic 35.445051 -96.530796
70554 82 33 Domestic 35.448602 -96.513045
38877 190 34 Domestic 35.466910 -96.513087
93849 95 35 Domestic 35.469050 -96.510017
54470 120 35 Domestic 35.477752 -96.513087
60613 160 35 Domestic 35.477752 -96.513087
12696 160 35 Domestic 35.483168 -96.511087
12692 100 37 Domestic 35.483205 -96.539739

126620 88 38 Domestic 35.487483 -96.520683
27252 120 38 Domestic 35.492203 -96.515267
95273 230 38 Domestic 35.492203 -96.528583
23602 125 40 Domestic 35.492241 -96.539739
93609 160 40 Domestic 35.494061 -96.513029

131671 200 40 Domestic 35.497033 -96.528100
79310 240 40 Domestic 35.497809 -96.535301
36905 238 41 Domestic 35.499482 -96.528567

111407 87 42 Domestic 35.501289 -96.513029
53297 130 42 Domestic 35.508611 -96.539791
71100 196 42 Domestic 35.513996 -96.519690
12684 202 42 Domestic 35.521260 -96.530910
33666 123 43 Domestic 35.521260 -96.550646
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Oklahoma
Well ID Total Well Depth (Feet) First Water (Feet) Use Latitude Longitude
118652 93 45 Domestic 35.537700 -96.525117
81007 80 47 Domestic 35.537690 -96.555290

115361 130 47 Domestic 35.550340 -96.548627
37789 200 48 Domestic 35.563675 -96.560259
36921 50 50 Domestic 35.565504 -96.566905
86993 419 50 Domestic 35.567335 -96.560214
61694 52 52 Domestic 35.579985 -96.549106

108020 52 52 Domestic 35.582850 -96.548583
32659 120 55 Domestic 35.587325 -96.560217
66157 180 55 Domestic 35.590940 -96.564661
12704 220 55 Domestic 35.592777 -96.582401
12705 100 57 Domestic 35.594584 -96.571290
88645 200 58 Domestic 35.596404 -96.558087
54464 95 60 Domestic 35.614596 -96.580276
44998 123 60 Domestic 35.616399 -96.564739
71098 140 60 Domestic 35.616403 -96.566938

110844 145 60 Domestic 35.617117 -96.566683
83896 165 60 Domestic 35.623627 -96.564740
36918 174 60 Domestic 35.625436 -96.586847
12701 174 60 Domestic 35.627243 -96.600187

113083 180 60 Domestic 35.629050 -96.600187
66156 202 60 Domestic 35.634472 -96.597964
11701 210 60 Domestic 35.737756 -96.621769
12323 300 60 Domestic 35.741496 -96.617903
12324 100 63 Domestic 35.741496 -96.617903
26907 80 65 Public Water Supply 35.743157 -96.657228
11698 122 65 Domestic 35.745001 -96.634869
26905 130 65 Public Water Supply 35.746771 -96.650549
26906 100 66 Public Water Supply 35.746771 -96.650549
11697 185 66 Domestic 35.752281 -96.621513
96796 180 68 Domestic 35.752281 -96.621513

108949 120 70 Domestic 35.754226 -96.628158
11694 180 70 Domestic 35.754263 -96.625966

115362 170 75 Domestic 35.755180 -96.630500
132736 101 78 Domestic 35.755920 -96.631010
71172 160 79 Domestic 35.756034 -96.630385
69825 120 80 Domestic 35.756034 -96.630385
11693 135 80 Domestic 35.765069 -96.628159
11690 160 80 Domestic 35.766876 -96.628159
11688 160 80 Domestic 35.766876 -96.632612
11689 200 80 Domestic 35.766876 -96.637066
36435 252 80 Domestic 35.766808 -96.659445
36434 476 80 Domestic 35.770456 -96.646083
7567 200 82 Domestic 35.779492 -96.646083
11687 350 87 Domestic 35.779492 -96.646083
77199 436 90 Domestic 35.779492 -96.646083
25890 190 95 Domestic 35.783294 -96.637119
48788 170 98 Domestic 35.788715 -96.661855
35892 140 99 Domestic 35.794073 -96.666332
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Oklahoma
Well ID Total Well Depth (Feet) First Water (Feet) Use Latitude Longitude
111652 300 100 Domestic 35.804550 -96.643780
108950 315 100 Domestic 35.805122 -96.646351
11683 157 105 Domestic 35.810543 -96.646351
63647 160 107 Domestic 35.812192 -96.682385
85246 254 110 Domestic 35.812192 -96.682385
85111 257 110 Domestic 35.812192 -96.682385
11737 180 114 Domestic 35.832072 -96.682385

107136 200 120 Domestic 35.835686 -96.695759
56131 150 126 Domestic 35.839301 -96.686843
11733 180 130 Domestic 35.841289 -96.664353
31096 210 130 Domestic 35.841289 -96.668812
80246 180 133 Domestic 35.843096 -96.664353
60873 250 150 Domestic 35.852044 -96.689152
11728 360 150 Domestic 35.870290 -96.700313
86088 415 160 Domestic 35.872097 -96.700313
67637 240 177 Domestic 35.872097 -96.709234
11730 220 185 Domestic 35.881325 -96.684983
11729 318 285 Domestic 35.883132 -96.684983
11769 440 400 Domestic 35.919519 -96.719157
11767 460 432 Domestic 35.928700 -96.725952
11768 510 490 Domestic 35.930507 -96.728184

Source: OWRB, 2011. Available at: http://www.owrb.ok.gov/maps/data/owrbdata.php
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Texas
Well ID Total Well Depth (Feet) High Water (Feet) Use Latitude Longitude

6515601 0 0 Domestic 29.813888 -95.147221
6516103 0 0 Public Supply 29.836944 -95.103611
6516106 0 0 Domestic 29.837777 -95.103611
6516104 24 0 Domestic 29.838055 -95.104444
6516105 28 0 Irrigation 29.838055 -95.104444
6516202 40 0 Irrigation 29.863333 -95.055277
6516205 58 0 Public Supply 29.865277 -95.075554
6409206 70 0 Domestic 29.866388 -94.924166
6401805 72 0 Domestic 29.879999 -94.925554
6401802 80 0 Irrigation 29.896944 -94.925554
6402401 85 0 Public Supply 29.947777 -94.846666
6408202 100 0 Domestic 29.979166 -94.070554
6301108 102 0 Public Supply 29.996944 -93.993333
6159512 104 0 Public Supply 30.071943 -94.701388
6162604 105 0 Domestic 30.071943 -94.264722
6161308 106 0 Domestic 30.095277 -94.404722
6159202 110 0 Irrigation 30.100833 -94.698333
6159110 115 0 Irrigation 30.114166 -94.711111
6159106 117 0 Irrigation 30.118332 -94.722777
6159103 130 0 Irrigation 30.124166 -94.715833
6151702 150 0 Irrigation 30.129721 -94.716943
6151713 160 0 Domestic 30.131666 -94.721666
6151701 165 0 Irrigation 30.142499 -94.723054
6151802 168 0 Irrigation 30.146110 -94.694721
6151807 194 0 Irrigation 30.161111 -94.696944
6151801 195 0 Irrigation 30.164166 -94.693055
6151603 240 0 Irrigation 30.191666 -94.638610
6151601 240 0 Irrigation 30.193055 -94.648055
6151503 240 0 Domestic 30.203611 -94.694721
6151203 260 0 Public Supply 30.209722 -94.707222
6151202 283 0 Irrigation 30.219443 -94.700277
6143703 284 0 Irrigation 30.279999 -94.712500
6143701 285 0 Irrigation 30.280554 -94.711666
6143801 300 0 Irrigation 30.283054 -94.707222
6134607 312 0 Domestic 30.452222 -94.771388
6134605 316 0 Domestic 30.452222 -94.763611
6126807 326 0 Public Supply 30.523054 -94.803888
6126502 335 0 Domestic 30.550555 -94.815277
6126204 338 0 Domestic 30.593333 -94.827499
6126205 360 0 Domestic 30.606111 -94.804166
6118801 387 0 Domestic 30.649721 -94.807500
6118503 395 0 Domestic 30.699721 -94.799166
6118502 407 0 Public Supply 30.701388 -94.816943
6118511 408 0 Public Supply 30.702500 -94.824999
6118519 500 0 Public Supply 30.702500 -94.824721
6118515 517 0 Domestic 30.705000 -94.817221
6102605 525 0 Domestic 30.951388 -94.783888
6102604 525 0 Domestic 30.951944 -94.776943
6102303 528 0 Domestic 30.981943 -94.774999
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Texas
Well ID Total Well Depth (Feet) High Water (Feet) Use Latitude Longitude

6102304 531 0 Domestic 30.981943 -94.774999
3758812 550 0 Domestic 31.010833 -94.793888
3758807 665 0 Domestic 31.011388 -94.792221
3758802 677 0 Domestic 31.031666 -94.797777
3758904 800 0 Public Supply 31.035277 -94.783054
3758601 821 0 Domestic 31.051111 -94.776666
3758602 828 0 Public Supply 31.051388 -94.775832
3758304 900 0 Domestic 31.088333 -94.765555
3758303 33 4 Domestic 31.088333 -94.764444
3758310 96 4 Domestic 31.089721 -94.765000
3758201 15 5 Domestic 31.098333 -94.795277
3750801 16 5 Domestic 31.131943 -94.810555
3742701 25 8 Domestic 31.289721 -94.839166
3741302 20 10 Domestic 31.338888 -94.875554
3741301 485 10 Domestic 31.345555 -94.879999
3725903 40 11 Domestic 31.524443 -94.901666
3725602 30 13 Domestic 31.571666 -94.905000
3717907 35 14 Domestic 31.661944 -94.883610
3717304 78 15 Domestic 31.720554 -94.884444
3717302 17 16 Domestic 31.738333 -94.888055
3717306 27 16 Public Supply 31.745555 -94.876388
3717307 164 17 Public Supply 31.745833 -94.876388
3709902 150 17 Domestic 31.790555 -94.881110
3709505 21 18 Public Supply 31.825832 -94.918888
3709502 43 18 Public Supply 31.828332 -94.922777
3701104 27 23 Domestic 31.994999 -94.979999
3557409 320 23 Domestic 32.046110 -94.994999
3464302 511 24 Domestic 32.104722 -95.020832
3456502 530 26 Domestic 32.200277 -95.050277
3456208 95 27 Public Supply 32.224166 -95.059722
3456202 550 30 Public Supply 32.224999 -95.061388
3456201 300 32 Public Supply 32.234999 -95.043888
3456203 51 33 Domestic 32.244166 -95.050277
3440709 42 33 Domestic 32.383888 -95.094166
3440703 36 34 Domestic 32.416388 -95.090277
3440710 81 34 Domestic 32.416388 -95.089444
3440403 300 36 Public Supply 32.432777 -95.094166
3440401 100 39 Domestic 32.437499 -95.104166
3440402 43 39 Public Supply 32.451388 -95.121110
3440101 100 40 Domestic 32.472777 -95.116388
3431904 90 40 Irrigation 32.527499 -95.138333
3431902 300 40 Domestic 32.533888 -95.141944
3431903 333 41 Domestic 32.534166 -95.135555
3423607 817 45 Domestic 32.684444 -95.144444
3415801 79 45 Domestic 32.766388 -95.171110
3415202 260 45 Public Supply 32.837221 -95.193888
3407701 52 45 Domestic 32.899721 -95.221110
3407705 87 47 Public Supply 32.899721 -95.217221
1762901 53 49 Domestic 33.020832 -95.271110
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Texas
Well ID Total Well Depth (Feet) High Water (Feet) Use Latitude Longitude

1762902 219 50 Domestic 33.020832 -95.271110
1762601 746 53 Domestic 33.062500 -95.271110
1762604 802 53 Domestic 33.062500 -95.271110
1762606 678 53 Domestic 33.062500 -95.271110
1762607 103 53 Domestic 33.062500 -95.271110
6516107 600 55 Public Supply 29.841388 -95.101944
6516305 285 55 Public Supply 29.842777 -95.022777
6409103 572 55 Public Supply 29.846666 -94.998055
6409104 104 56 Domestic 29.846666 -94.997777
6402402 262 59 Domestic 29.941944 -94.833610
6408303 140 60 Domestic 29.989999 -94.004166
6163901 153 60 Domestic 30.021388 -94.161944
6163704 770 61 Domestic 30.021666 -94.209722
6159813 259 66 Irrigation 30.035277 -94.705833
6163804 150 68 Domestic 30.038888 -94.198055
6163403 312 68 Domestic 30.043610 -94.248888
6159511 293 78 Domestic 30.053611 -94.695277
6163407 805 78 Domestic 30.056944 -94.226666
6163402 189 80 Domestic 30.059722 -94.243055
6163405 530 85 Domestic 30.060000 -94.238055
6159401 0 87 Irrigation 30.066388 -94.711944
6162507 138 90 Domestic 30.067499 -94.293888
6161501 160 90 Domestic 30.082777 -94.417777
6162207 185 91 Domestic 30.087777 -94.304444
6162205 763 94 Domestic 30.096388 -94.327777
6162206 400 94 Domestic 30.099444 -94.322221
6159204 926 95 Irrigation 30.101388 -94.692777
6159205 110 96 Irrigation 30.101666 -94.704444
6151705 410 97 Irrigation 30.160833 -94.712777
6151502 310 97 Irrigation 30.171110 -94.695277
6134907 420 103 Public Supply 30.403055 -94.750833
6134611 315 107 Domestic 30.451666 -94.773332
6134610 308 111 Public Supply 30.452500 -94.766388
6134310 919 113 Public Supply 30.476666 -94.761666
6134307 389 116 Public Supply 30.479999 -94.773610
6134304 435 122 Public Supply 30.483054 -94.777221
6134305 284 122 Public Supply 30.484721 -94.771666
6118504 714 124 Irrigation 30.698888 -94.799166
6118506 356 130 Domestic 30.699721 -94.806388
6118516 375 135 Domestic 30.703055 -94.802500
6118512 700 135 Domestic 30.703333 -94.824721
6118514 780 136 Domestic 30.703333 -94.821666
6118518 290 140 Domestic 30.706388 -94.816388
3758816 500 144 Domestic 31.033054 -94.793610
3758311 358 145 Domestic 31.088333 -94.764444
3750201 312 152 Domestic 31.215555 -94.813333
3718407 380 155 Domestic 31.693055 -94.872777
3709504 460 187 Public Supply 31.828332 -94.922499
3464306 390 198 Irrigation 32.111666 -95.027221
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Available Water Well Data within 1 Mile of the Proposed Project Corridor Centerline in Texas
Well ID Total Well Depth (Feet) High Water (Feet) Use Latitude Longitude

3431601 1240 212 Domestic 32.562777 -95.146110
3423901 1014 220 Domestic 32.653055 -95.162500
3423602 500 235 Public Supply 32.687499 -95.146110
1762904 500 236 Domestic 33.020832 -95.271110
1762602 890 250 Public Supply 33.071943 -95.268332
1727101 600 255 Domestic 33.601388 -95.716111
1718602 967 281 Domestic 33.700277 -95.786666
1710801 1042 317 Domestic 33.754166 -95.831110
Source: TWDB, 2011. Available at: http://www.twdb.state.tx.us/GwRD/waterwell/well_info.asp
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
137256 0 0 Domestic 48.975938 -104.124266

4362 20 0 Domestic 48.980800 -104.098800
48296 26 0 Domestic 48.981425 -104.099414
48295 26 0 Domestic 48.981425 -104.099414
48281 35 0 Domestic 48.981447 -104.159944
48282 38 0 Domestic 48.981447 -104.159944
48104 50 0 Domestic 48.981610 -105.904118
48235 50 0 Domestic 48.982195 -104.886491
158710 62 0 Domestic 48.982342 -104.142225
48102 70 0 Domestic 48.982473 -105.914901
4360 98 0 Domestic 48.982500 -104.233600

48195 112 0 Domestic 48.982705 -105.196676
4208 120 0 Domestic 48.983800 -105.597500

703783 120 0 Domestic 48.983800 -105.596600
48097 140 0 Domestic 48.983929 -105.926662
48100 180 0 Domestic 48.983966 -105.948817
48151 484 0 Domestic 48.984222 -105.465801
48118 840 0 Domestic 48.984243 -105.770411
48094 24 3 Domestic 48.984951 -105.873300
703764 50 6 Domestic 48.985200 -105.828600
703763 60 10 Domestic 48.985200 -105.828600
48262 20 13 Domestic 48.985744 -104.339220
48263 227 17 Domestic 48.985744 -104.339220
48276 180 17 Irrigation 48.986600 -104.139700
48153 264 17 Domestic 48.987277 -105.568995
703982 264 17 Domestic 48.988000 -104.103300
48079 24 20 Domestic 48.989245 -106.191445
48293 41 21 Domestic 48.989474 -104.121407
48277 53 22 Domestic 48.989495 -104.159920
4239 37 25 Domestic 48.990000 -105.466300

703741 0 30 Domestic 48.990500 -106.058300
4199 60 35 Domestic 48.990800 -105.914400
4198 96 38 Domestic 48.990800 -105.912700

48255 55 43 Domestic 48.990828 -104.530395
703756 60 45 Domestic 48.991100 -105.946300
206232 160 45 Domestic 48.992000 -104.585400
48099 198 45 Domestic 48.992340 -105.948817
48015 56 46 Domestic 48.992353 -107.455765
48098 82 52 Domestic 48.993387 -105.944627
48246 84 64 Domestic 48.993781 -104.575627
48237 228 78 Domestic 48.994135 -104.666705
48174 135 80 Domestic 48.994900 -105.431021
131805 82 82 Domestic 48.995776 -104.195713
194603 124 85 Public Water Supply 48.996700 -104.575500
48243 127 87 Irrigation 48.997822 -104.575627
258024 110 98 Public Water Supply 48.998000 -105.408833
258024 210 98 Public Water Supply 48.998000 -105.408833
206691 140 110 Domestic 48.998000 -104.576300
48016 170 130 Domestic 48.998602 -107.468079
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Montana
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
207982 225 150 Public Water Supply 48.999100 -106.380600

4320 196 165 Public Water Supply 48.999200 -105.406500
48215 310 177 Public Water Supply 48.999200 -105.161400

Source: GWIC, 2011. Available at: http://nris.mt.gov/nsdi/nris/gwicwells.html
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
49164 86 1 Domestic -102.170325 48.655849
43408 52 2 Stock -99.913180 48.660087
48994 312 2 Domestic -101.569884 48.372721
40567 20 3 Stock -97.933789 48.522221
62045 40 4 Stock -100.477225 48.498000
43388 86 4 Domestic -99.856790 48.659906
64968 38 5 Stock -100.433733 48.490537
61052 38 5 Stock -99.867464 48.661779
64966 43 5 Stock -100.455448 48.490649
64967 43 5 Stock -100.444621 48.497847
36042 45 5 Stock -97.900415 45.963686
49022 78 5 Domestic/Stock -101.722005 48.449340
10272 80 5 Domestic -98.695607 48.979502
48902 12 6 Domestic -101.061073 48.406668
64969 35 6 Stock -100.444647 48.483302
64488 50 6 Stock -99.867431 48.681698
49021 95 6 Domestic -101.715307 48.446582
43377 32 7 Municipal -99.830577 48.668115
43380 35 7 Stock -99.840291 48.669011
43381 50 7 Domestic -99.840291 48.669011
49003 54 7 Domestic -101.710973 48.443939
43366 59 7 Stock -99.867382 48.672635
12376 60 7 Domestic -103.414497 48.966129
60948 61 7 Stock -100.825419 48.454996
35972 125 7 Stock -97.892481 46.009274
63322 22 8 Stock -100.543156 48.490675
43367 24 8 Domestic -99.867382 48.661775
24305 25 8 Stock -100.516942 48.471799
43348 25 8 Domestic -99.757899 48.705251
62882 29 8 Stock -97.954207 47.376601
24287 30 8 Domestic -100.294419 48.543881
24245 40 8 Domestic -100.712864 48.444776
55661 47 8 Stock -103.374777 48.968225
2925 58 8 Domestic -100.234007 48.558574

36017 160 8 Domestic -97.903241 45.996593
49011 271 8 Stock -101.617312 48.388535
43365 29 9 Stock -99.866051 48.673540
40635 39 9 Municipal -97.904680 48.563958
12418 45 9 Domestic/Stock -103.806098 48.973435
44023 82 9 Domestic -99.867382 48.661775
49170 442 9 Domestic -102.126317 48.633829
66035 26 10 Stock -103.803460 48.975307
40542 35 10 Stock -97.928018 48.397265
24244 35 10 Domestic -100.712864 48.444776
61737 37 10 Stock -103.066311 48.926032
44136 60 10 Domestic -100.752473 48.442111
61685 68 10 Stock -100.228611 48.556773
24121 71 10 Stock -100.805032 48.455931
2926 71 10 Domestic -100.235405 48.557659

48850 75 10 Domestic -101.570224 48.369196
10269 85 10 Domestic -98.602460 48.981056
4869 100 10 Domestic/Stock -102.347743 48.770159
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
29331 115 10 Domestic -102.397326 48.779059
24200 122 10 Domestic -100.666468 48.457432
43421 182 10 Stock -99.590195 48.741028
48996 190 10 Domestic/Stock -101.496618 48.372688
24254 282 10 Stock -100.865095 48.443261
43315 92 11 Stock -100.008612 48.622200
4878 100 11 Domestic -102.320658 48.759290

48903 24 12 Domestic -101.061073 48.412168
24291 30 12 Stock -100.286085 48.527669
40638 34 12 Municipal -97.909452 48.565671
49004 35 12 Domestic -101.706973 48.441188
49005 35 12 Domestic -101.706973 48.441188
40636 39 12 Municipal -97.904680 48.563958
36763 40 12 Domestic -97.955051 46.232705
49037 41 12 Domestic -101.721945 48.440408
64489 42 12 Stock -99.896757 48.672750
66036 58 12 Stock -103.126786 48.929643
62563 61 12 Domestic -101.560752 48.368038
43363 90 12 Stock -99.823643 48.698028
4968 95 12 Domestic -102.512114 48.850076

24352 105 12 Stock -100.701968 48.471987
24342 122 12 Domestic -100.696604 48.473824
24252 125 12 Domestic -100.862304 48.444965
36805 125 12 Irrigation -97.920332 46.199353
36327 142 12 Domestic -97.903240 46.043559
41908 167 12 Domestic/Stock -99.160385 48.917254
36667 180 12 Domestic/Stock -97.936879 46.266960
40640 21 13 Municipal -97.906678 48.565671
40641 21 13 Municipal -97.906678 48.567404
40639 28 13 Municipal -97.906678 48.565671
40627 34 13 Municipal -97.901869 48.563958
48852 55 13 Domestic -101.570224 48.369196
24353 68 13 Stock -100.691101 48.471987
36265 83 13 Domestic -97.903197 46.087073
49027 92 13 Domestic -101.713906 48.442263
24332 120 13 Domestic -100.564765 48.469018
24290 36 14 Domestic/Stock -100.305366 48.518836
49073 47 14 Domestic -101.852490 48.511212
43379 48 14 Municipal -99.837515 48.663634
48851 54 14 Domestic -101.570224 48.369196
44137 60 14 Stock -100.752473 48.442111
43384 78 14 Stock -99.816962 48.673483
48859 89 14 Irrigation -101.556611 48.356821
61885 101 14 Stock -99.818236 48.683490
10232 115 14 Domestic -98.624503 48.964813
37432 23 15 Domestic/Stock -97.931743 47.521345
59758 29 15 Domestic -101.920232 48.542013
37402 55 15 Stock -97.949264 47.484139
12375 60 15 Stock -103.374777 48.968225
48853 62 15 Domestic -101.570224 48.369196
65569 66 15 Domestic -103.376183 48.967757
4883 94 15 Domestic -102.320658 48.759290
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
48767 100 15 Stock -101.486771 48.356934
24201 100 15 Domestic -100.666468 48.457432
49341 120 15 Domestic -101.570224 48.371259
12445 140 15 Domestic -103.897473 48.978063
4880 172 15 Domestic -102.323326 48.759290

12377 320 15 Domestic -103.387156 48.966215
49002 20 16 Domestic -101.701640 48.437520
1065 21 16 Domestic/Stock -97.949113 47.058925
1144 25 16 Domestic -97.949959 47.116950

40175 31 16 Stock -97.934308 48.186720
35256 40 16 Domestic -97.992902 46.405366
5103 45 16 Domestic -102.602085 48.895035

12332 63 16 Stock -103.014733 48.916964
24343 65 16 Stock -100.696604 48.473824
55950 95 16 Domestic -98.690364 48.973850
63634 115 16 Domestic -98.996029 48.943433
49023 151 16 Domestic -101.731383 48.450260
10233 210 16 Stock -98.771541 48.965226
35571 30 17 Domestic -97.941599 46.520748
49020 31 17 Domestic -101.723345 48.452099
49016 45 17 Domestic -101.584885 48.373734
49039 47 17 Domestic -101.721945 48.440408
49034 60 17 Domestic -101.719265 48.442263
12349 80 17 Domestic -103.148636 48.951505
65590 110 17 Domestic -102.614535 48.896094
61323 176 17 Domestic -101.867551 48.511965
40637 29 18 Municipal -97.901869 48.563958
40504 37 18 Stock -97.935605 48.347105
63627 55 18 Domestic -97.951455 47.139666
48854 55 18 Domestic -101.570224 48.363009
49038 59 18 Domestic -101.719265 48.440408
49018 60 18 Domestic -101.602662 48.382256
35553 62 18 Domestic -97.938842 46.529972
49033 65 18 Domestic -101.719265 48.442263
49015 77 18 Domestic -101.597192 48.382256
65572 80 18 Stock -103.115709 48.944056
49008 97 18 Domestic -101.677110 48.424820
4885 100 18 Domestic -102.320658 48.759290

44144 120 18 Stock -100.613763 48.465520
49036 130 18 Domestic -101.713906 48.438553
41909 136 18 Domestic -99.223628 48.901084
36240 147 18 Stock -97.882740 46.023653
41880 153 18 Domestic -99.520253 48.779789
64952 247 18 Stock -100.861075 48.442253
43409 100 19 Stock -99.909043 48.655557
41905 175 19 Domestic -99.111264 48.907287
24253 222 19 Stock -100.867826 48.444915
64951 228 19 Stock -100.861113 48.438621
1143 25 20 Domestic/Stock -97.907872 47.204000

49030 28 20 Domestic -101.723285 48.437625
4785 40 20 Domestic -102.245901 48.691879

55662 47 20 Stock -103.035430 48.921647
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
49028 54 20 Domestic -101.719265 48.444119
49031 55 20 Domestic -101.719265 48.444119
49035 56 20 Domestic -101.719265 48.444119
49009 60 20 Domestic -101.648784 48.405700
40557 70 20 Stock -97.917751 48.529665
49019 75 20 Domestic -101.719326 48.445663
65657 80 20 Domestic -102.602292 48.893401
49032 90 20 Domestic -101.713906 48.444119
44146 90 20 Stock -100.697893 48.471076
64979 95 20 Domestic -101.571635 48.368060
65001 95 20 Domestic -102.606426 48.883448
61651 106 20 Domestic -101.560752 48.368038
49401 115 20 Domestic -101.928284 48.540161

975 117 20 Domestic/Stock -97.901075 46.931812
48849 128 20 Domestic -101.574307 48.366102
10265 170 20 Stock -98.306363 48.993501
36019 210 20 Stock -97.905156 45.992584
4871 215 20 Domestic -102.372624 48.777748

24258 220 20 Domestic -100.919743 48.428513
12347 240 20 Domestic/Stock -103.071935 48.940335
41902 176 21 Domestic -99.465523 48.808755
35255 34 22 Domestic -97.972858 46.414223
35570 56 22 Domestic -97.940247 46.521620
46778 162 24 Domestic -101.768216 48.467576
46873 339 24 Stock -101.800975 48.473104
43418 97 25 Domestic/Stock -99.542097 48.779791
48986 120 25 Stock -101.322318 48.383694
36018 150 25 Domestic -97.887169 45.992600
41887 198 25 Domestic/Stock -99.260597 48.879346
49014 297 25 Stock -101.617725 48.385156
35554 70 26 Domestic -97.937500 46.534349
49399 70 26 Stock -101.928284 48.540161
49100 100 26 Domestic -102.008469 48.580720
36582 216 26 Irrigation -97.900146 46.128860

974 33 27 Domestic/Stock -97.902450 46.927470
43428 54 28 Domestic/Stock -99.672410 48.735764
35575 33 29 Domestic -97.951815 46.495418
35973 136 29 Domestic -97.903253 46.009274
10266 180 29 Domestic -98.295700 48.989936
49029 32 30 Domestic -101.723285 48.437625
35238 36 30 Domestic/Stock -97.972858 46.421202
49010 55 30 Stock -101.656756 48.414935
12378 80 30 Domestic/Stock -103.387156 48.966215
10262 95 30 Stock -98.908675 48.939808
36671 96 30 Domestic/Stock -97.945637 46.244547
4978 110 30 Municipal -102.570937 48.881484

41886 204 30 Domestic/Stock -99.215627 48.888408
49098 249 30 Domestic -102.008469 48.584480
12348 249 30 Domestic/Stock -103.096848 48.940275
4969 47 31 Stock -102.522803 48.837004
5041 45 32 Domestic -102.557000 48.872490

55977 80 32 Stock -103.806098 48.967824

Keystone Corridor Alternative

6



Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
4972 100 32 Municipal -102.570937 48.881484

37442 120 32 Domestic -97.910110 47.593780
40113 120 32 Domestic -97.926105 47.975234
40146 112 33 Stock -97.933148 48.047958
43410 162 33 Stock -99.951165 48.652843
49096 312 33 Stock -101.998953 48.592459
44128 130 35 Stock -100.590606 48.457311
10263 175 35 Domestic -98.993410 48.945189
10261 275 35 Stock -98.908675 48.939808
12516 115 36 Stock -103.944238 48.990830
36597 79 38 Domestic -97.900302 46.110816
12419 155 38 Stock -103.806098 48.967824
49001 170 38 Domestic/Stock -101.710924 48.449349
35576 45 39 Domestic/Stock -97.940980 46.477734
36576 195 39 Domestic -97.891920 46.151956

966 50 40 Stock -97.902447 46.956300
49007 96 40 Domestic -101.660658 48.435565
5108 103 40 Domestic -102.796006 48.895108

63719 118 40 Domestic -102.427128 48.777369
24199 121 40 Stock -100.590606 48.457311
36248 127 40 Stock -97.915649 46.101471
63706 150 40 Domestic -102.245921 48.692233
24329 177 40 Domestic -100.666515 48.459256
66330 215 40 Domestic -98.990650 48.943433
49090 297 40 Stock -101.958509 48.561857
29335 340 40 Domestic/Stock -102.722276 48.911437
48848 359 40 Domestic -101.575669 48.371259

841 52 42 Domestic/Stock -97.923335 46.884025
972 52 44 Domestic/Stock -97.923057 46.941895

36580 231 44 Irrigation -97.889448 46.135767
37407 108 45 Domestic -97.917837 47.415586
49101 135 45 Domestic/Stock -101.974691 48.569162
36041 160 45 Domestic -97.923767 45.972829
63258 54 48 Stock -100.818659 48.446770

845 56 50 Domestic/Stock -97.918238 46.837011
840 70 50 Domestic/Stock -97.923335 46.884025

61161 148 50 Domestic -102.317987 48.755619
48773 275 52 Stock -101.466328 48.354427
40893 67 53 Domestic -97.926001 48.825197
40176 63 54 Domestic/Stock -97.914178 48.158570
41892 95 55 Stock -99.339694 48.870235
49094 115 58 Domestic -102.050936 48.606981
5044 110 60 Stock -102.580279 48.864538
4877 161 60 Domestic -102.334465 48.750035

35742 76 62 Stock -97.940295 46.623530
48914 310 62 Domestic -101.206514 48.404142

657 73 63 Domestic/Stock -97.902658 46.666540
4881 90 65 Domestic -102.320658 48.759290

55978 120 67 Stock -103.806098 48.969694
12396 220 70 Domestic -103.521032 48.964385

965 80 73 Domestic/Stock -97.902447 46.956300
65983 87 74 Stock -97.930316 46.634998
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in North Dakota
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude

842 92 75 Domestic/Stock -97.902778 46.869420
36541 152 78 Domestic -97.878758 46.132877
36542 156 78 Domestic -97.878758 46.132877
48746 205 80 Domestic -101.381368 48.370992
48913 305 80 Domestic -101.218823 48.401447
1067 120 84 Domestic -97.925171 47.042530

43423 95 85 Domestic -99.636693 48.741085
41894 124 85 Stock -99.355989 48.837679
48905 745 85 Stock -101.170133 48.399613
12447 100 89 Stock -103.906403 48.976272

973 96 90 Domestic/Stock -97.923104 46.927485
10257 108 90 Domestic -98.964895 48.951741
1066 100 91 Domestic/Stock -97.927899 47.044275

34626 107 95 Domestic -97.950534 46.368980
49017 395 95 Domestic -101.602662 48.384149
12417 121 96 Domestic/Stock -103.751283 48.973422
5113 186 100 Stock -102.763264 48.894855

12512 160 102 Stock -103.770382 48.989839
41941 157 110 Stock -99.382001 48.829422
4876 150 115 Domestic/Stock -102.359010 48.763084

40874 136 116 Domestic -97.926612 48.877723
41903 459 117 Stock -99.454707 48.815842
48985 538 120 Domestic -101.402765 48.382740
49091 132 126 Stock -101.962340 48.553814
5107 248 130 Stock -102.768841 48.909619

49171 340 130 Domestic -102.104570 48.646967
62844 165 136 Stock -103.774518 48.987069
62385 170 147 Domestic -102.120801 48.639575
48997 590 150 Domestic/Stock -101.488349 48.374508
62044 605 153 Domestic -101.496336 48.368012
48984 276 155 Stock -101.425953 48.376272
48769 380 170 Domestic/Stock -101.529640 48.371193
48768 381 175 Domestic -101.514040 48.371193
49158 181 178 Domestic -102.217817 48.687677
48770 326 180 Domestic -101.503103 48.353384
48983 494 185 Domestic -101.425953 48.372583
12407 112 195 Domestic -103.638638 48.967580
49095 350 195 Domestic -102.015362 48.603814
24351 110 Artesian Stock -100.730645 48.460162
63966 186 Artesian Domestic/Stock -101.575707 48.371065
12389 190 Artesian Stock -103.409088 48.951680
12356 240 Artesian Domestic/Stock -103.302392 48.938596
12399 337 Artesian Domestic -103.475720 48.959532
36053 975 Artesian Stock -97.913009 45.943908
34641 1143 Artesian Stock -97.979739 46.324054
36557 1296 Artesian Domestic/Stock -97.911170 46.176616

Available at: http://www.swc.nd.gov
Note: Artesian well designation was based on interpretation of available well log data.
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

125 1 Domestic T128N R59W S34 SENE
22 2 Domestic T128N R59W S23 SENE
54 2 Domestic T128N R59W S4 SESE
70 3 Domestic T128N R59W S3 SW
86 8 Domestic T128N R59W S2 SWSW

240 8 Domestic T128N R59W S35 SW
38 10 Stock T128N R59W S36
55 10 Domestic T128N R59W S10
78 10 Domestic T128N R59W S35 SW
90 10 Domestic T127N R59W S2 NE
52 11 Domestic T127N R59W S1 NW
70 11 Domestic T127N R59W S1 SE
90 11 Domestic T127N R59W S24
40 12 Domestic T127N R59W S24 SE
45 12 Domestic T127N R59W S10 NE
62 12 Domestic T127N R59W S26 NE
80 12 Domestic T127N R59W S35 SW

115 12 Domestic T127N R59W S26 NW
21 15 Domestic T127N R59W S26 NWNW
70 15 Domestic T127N R59W S12 SE
75 15 Domestic T127N R59W S12 W
87 15 Domestic T127N R59W S24 NESW

110 15 Domestic T126N R59W S25 SW
160 15 Domestic T126N R59W S22 NE
610 15 Domestic T126N R59W S26 NW
70 16 Domestic T126N R59W S24 SE
80 16 Domestic T126N R59W S11 SE
90 16 Domestic T126N R59W S2 NE

145 17 Domestic T126N R59W S2 SE
30 18 Domestic T126N R59W S24 SW
80 18 Domestic T126N R59W S2 SW
82 18 Domestic T126N R59W S13 NE

140 18 Domestic T126N R59W S3 SE
155 18 Domestic T126N R59W S23 NE
160 18 Domestic T126N R59W S15 NE
515 18 Domestic T126N R59W S3 NE
752 18 Domestic T126N R59W S13 SE
55 19 Domestic T126N R59W S24 NENW
42 20 Domestic T126N R59W S22 SWSE
52 20 Domestic T126N R59W S2 NENW
55 20 Domestic T126N R59W S2 SWSW
57 20 Domestic T126N R59W S2 NENW
62 20 Domestic T126N R59W S35 NE
80 20 Domestic T126N R59W S1 SW
95 20 Domestic T126N R59W S14 SW

125 20 Domestic T126N R59W S11 NW
225 20 Domestic T124N R59W S2 SW
360 20 Domestic T124N R59W S33 NE
66 21 Domestic T124N R59W S28 NW
50 22 Domestic T123N R59W S5 NW

106 23 Domestic T123N R59W S31
60 24 Domestic T122N R59W S5 NENE
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

60 24 Domestic T122N R59W S20 SW
60 24 Irrigation T122N R59W S20 NW

126 24 Domestic T121N R59W S32 SW
86 25 Domestic T121N R59W S8 SW
40 26 Domestic T121N R59W S17 NW
42 27 Irrigation T121N R59W S8 SESW

129 28 Domestic T120N R59W S18 SE
453 28 Domestic T120N R59W S19 SE
71 29 Irrigation T120N R59W S18 NENE
47 30 Domestic T120N R59W S30 SE

145 30 Irrigation T120N R59W S8 SW
206 30 Irrigation T120N R59W S17
104 31 Irrigation T120N R59W S19 SESE
84 32 Domestic T120N R59W S32 NESW

220 32 Domestic T120N R59W S20 NENW
59 34 Domestic T120N R59W S32
60 34 Domestic T120N R60W S13 NE
65 35 Domestic T120N R60W S25 NE
84 35 Domestic T120N R60W S22 S

122 35 Domestic T120N R60W S1 NE
335 35 Domestic T119N R60W S25 SE
118 36 Domestic T119N R60W S13 NE
118 36 Domestic T119N R60W S13 SE
124 38 Domestic T119N R60W S25
90 40 Domestic T119N R59W S6 NESW
98 40 Domestic T119N R59W S17 S
99 40 Irrigation T119N R59W S28 NWNW

100 40 Domestic T119N R59W S29 NENE
105 40 Irrigation T119N R59W S8 SW
135 40 Domestic T119N R59W S8 SW
272 40 Irrigation T119N R59W S32 SE
286 40 Domestic T119N R59W S32 SE
615 40 Domestic T119N R59W S20
93 41 Domestic T119N R59W S5 SW
75 42 Domestic T119N R59W S17 NENE

240 42 Domestic T119N R59W S17 SW
55 43 Domestic T119N R59W S30 N
87 44 Domestic T119N R59W S21
99 44 Domestic T118N R59W S6

160 44 Domestic T118N R59W S4 SW
130 45 Domestic T118N R59W S34 NW
134 45 Domestic T118N R59W S5 NW
149 45 Domestic T118N R59W S5 NW
215 45 Domestic T118N R59W S33 NW
60 47 Domestic T118N R59W S6 NW
99 48 Domestic T118N R59W S16 NW

135 50 Domestic T118N R59W S18 SE
240 50 Domestic T118N R59W S8 SE
280 50 Domestic T118N R59W S6 SW
490 53 Domestic T118N R59W S28 SE
75 55 Domestic T118N R59W S22
65 56 Domestic T117N R59W S32
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

93 58 Domestic T117N R59W S32
55 59 Domestic T117N R59W S5 NESW
94 60 Domestic T117N R59W S15 SW

140 60 Domestic T117N R59W S4 SESW
150 60 Stock T117N R59W S34 NW
158 60 Municipal T117N R59W S28
188 60 Domestic T117N R59W S27
265 60 Domestic T117N R59W S28 SE
178 62 Domestic T117N R59W S28
491 63 Domestic T116N R59W S30 NE
97 64 Domestic T116N R59W S4 NW
24 65 Domestic T116N R59W S21 NW

100 65 Stock T115N R59W S32 NESW
140 65 Domestic T115N R59W S28 SESE
150 65 Domestic T115N R59W S29 SWNW
245 68 Domestic T115N R59W S6 NWNE
120 70 Domestic T115N R59W S20 SW
150 70 Domestic T115N R59W S18 NW
85 75 Domestic T115N R59W S9 SWSW

146 75 Domestic T115N R59W S20 SWSW
100 80 Domestic T115N R59W S30 SE
168 80 Domestic T114N R59W S20 SWSW
185 80 Domestic T115N R59W S6 NW
190 80 Domestic T114N R59W S4 NW
150 85 Domestic T114N R59W S33
118 100 Domestic T114N R59W S34
170 100 Domestic T114N R59W S27 SW
180 100 Domestic T114N R59W S34 SWNW
162 110 Domestic T114N R59W S32 SW
190 112 Domestic T114N R59W S34 NWSW
138 115 Domestic T114N R59W S6 SE
135 122 Domestic T114N R59W S27 NW
235 122 Domestic T114N R59W S27 SE
161 125 Domestic T114N R59W S5 SESW
203 126 Domestic T114N R59W S15 NW
205 131 Domestic T114N R59W S5 SESW
225 135 Domestic T113N R59W S9 NE
200 145 Domestic T113N R59W S23 NW
189 147 Domestic T113N R59W S34 NW
260 147 Domestic T113N R59W S26 SW
200 150 Domestic T113N R59W S22 SE
220 150 Domestic T113N R59W S34 SE
276 153 Domestic T113N R59W S9 NE
163 155 Domestic T113N R59W S17
220 158 Domestic T113N R59W S27 NE NE
210 162 Domestic T113N R59W S26 SWSW
240 162 Domestic T112N R59W S23 SW
300 180 Domestic T113N R59W S27 NE
790 188 Domestic T112N R59W S3 SE
232 212 Domestic T112N R59W S25 NE
480 280 Domestic T112N R59W S14 NWNW
70 Artesian Domestic T112N R59W S10 NE
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

78 Artesian Domestic T112N R59W S13 NESW
80 Artesian Domestic T112N R59W S14 NWNW
80 Artesian Domestic T112N R59W S36 SESW

100 Artesian Domestic T112N R59W S15 NW
145 Artesian Domestic T112N R59W S25 SE
155 Artesian Domestic T112N R59W S27 SE
204 Artesian Domestic T112N R59W S26 SW
205 Artesian Stock T113N R59W S3 SW
350 Artesian Domestic T112N R59W S11 NENE
483 Artesian Domestic T112N R59W S2 NE
520 Artesian Domestic T111N R59W S1 NE
541 Artesian Domestic T111N R59W S25 S
586 Artesian Domestic T111N R59W S11 NENE
589 Artesian Domestic T111N R59W S11 NE
590 Artesian Domestic T111N R59W S2 SW
595 Artesian Domestic T111N R58W S32 SE
595 Artesian Domestic T111N R58W S31 NE
615 Artesian Domestic T111N R58W S31 NE
615 Artesian Domestic T111N R58W S31
615 Artesian Domestic T111N R58W S29 SW
619 Artesian Domestic T111N R58W S7 SWNW
620 Artesian Domestic T111N R58W S31 SE
630 Artesian Domestic T111N R58W S32 NW
630 Artesian Domestic T111N R59W S12 SENE
636 Artesian Domestic T111N R58W S31 SE
636 Artesian Domestic T111N R58W S31 SW
640 Artesian Domestic T110N R58W S19 NWNE
648 Artesian Domestic T110N R58W S21
660 Artesian Domestic T110N R58W S32 SW
678 Artesian Domestic T110N R58W S5 NE
697 Artesian Domestic T110N R58W S19 NE
743 Artesian Domestic T110N R58W S32 SW
744 Artesian Municipal T110N R58W S6
760 Artesian Municipal T110N R58W S6 NESE
780 Artesian Domestic T110N R58W S28 W
783 Artesian Municipal T110N R58W S6 SWNW
785 Artesian Domestic T110N R58W S7
785 Artesian Municipal T110N R58W S6
805 Artesian Domestic T110N R58W S5 SE
810 Artesian Domestic T110N R58W S7
814 Artesian Domestic T110N R58W S32 NW
818 Artesian Domestic T110N R58W S8 NE
820 Artesian Domestic T110N R58W S7 NW
822 Artesian Domestic T110N R58W S7 SW
826 Artesian Domestic T109N R58W S9 SE
827 Artesian Domestic T109N R58W S27 NW
828 Artesian Domestic T109N R58W S5 NW
830 Artesian Domestic T109N R58W S6 SE
830 Artesian Domestic T109N R58W S5 NW
835 Artesian Domestic T109N R58W S22 NW
838 Artesian Domestic T109N R58W S34 SE
841 Artesian Domestic T109N R58W S20 SE
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

842 Artesian Domestic T109N R58W S22 SWSE
845 Artesian Domestic T109N R58W S27 SW
846 Artesian Domestic T109N R58W S17 SE
847 Artesian Domestic T109N R58W S8 SW
849 Artesian Domestic T109N R58W S17 NE
854 Artesian Domestic T109N R58W S15 SE
855 Artesian Domestic T109N R58W S20 NE
856 Artesian Domestic T109N R58W S28 S
856 Artesian Domestic T109N R58W S3
860 Artesian Domestic T109N R58W S10 NW
860 Artesian Domestic T109N R58W S34
860 Artesian Domestic T109N R58W S35 SW
860 Artesian Domestic T109N R58W S35 SW
862 Artesian Domestic T108N R58W S26 NW
863 Artesian Domestic T108N R58W S22
866 Artesian Domestic T108N R58W S10 SW
868 Artesian Domestic T108N R58W S15 NE
868 Artesian Domestic T108N R58W S11 SE
868 Artesian Domestic T108N R58W S4 SW
869 Artesian Domestic T108N R58W S27 NE
870 Artesian Domestic T108N R58W S10 N
870 Artesian Domestic T108N R58W S36 N
870 Artesian Domestic T108N R58W S4 SE
870 Artesian Domestic T108N R58W S11 SW
876 Artesian Domestic T108N R58W S25 SW
877 Artesian Domestic T108N R58W S11 NW
878 Artesian Domestic T108N R58W S15 S
880 Artesian Domestic T108N R58W S35 NESE
880 Artesian Domestic T108N R58W S14 NE
881 Artesian Domestic T108N R58W S3 SW
881 Artesian Domestic T108N R58W S4 SE
882 Artesian Domestic T108N R58W S23 E
882 Artesian Domestic T107N R57W S31 SESE
884 Artesian Domestic T107N R57W S31 SWNW
884 Artesian Domestic T107N R57W S11 NW
885 Artesian Domestic T106N R57W S19
890 Artesian Domestic T106N R58W S1 SE
892 Artesian Domestic T106N R57W S34 SW
892 Artesian Stock T106N R57W S5 SW
894 Artesian Domestic T106N R57W S17 SWNW
895 Artesian Domestic T106N R57W S17 NWNW
896 Artesian Domestic T106N R57W S18 NE
897 Artesian Domestic T106N R57W S7 NE
899 Artesian Domestic T106N R57W S5 SESE
900 Artesian Municipal T106N R57W S8 NWNW
900 Artesian Domestic T106N R57W S6 SESW
900 Artesian Domestic T106N R57W S8 NENW
901 Artesian Domestic T106N R57W S5 NE
905 Artesian Stock T105N R57W S33 SESE
906 Artesian Stock T105N R57W S33 NWNW
907 Artesian Domestic T105N R57W S22 SESW
907 Artesian Domestic T105N R57W S8 SESE
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

910 Artesian Domestic T105N R57W S15 NESW
910 Artesian Stock T105N R57W S9 NE
910 Artesian Stock T105N R57W S17 SENE
914 Artesian Stock T105N R57W S5 NE
916 Artesian Domestic T105N R57W S10 SWSW
917 Artesian Stock T105N R57W S28 SWSW
918 Artesian Domestic T105N R57W S10 SESW
919 Artesian Domestic T104N R57W S20 NENE
920 Artesian Domestic T104N R57W S16 NWNW
920 Artesian Domestic T104N R57W S16 NESW
920 Artesian Domestic T104N R57W S3
921 Artesian Domestic T104N R57W S8
925 Artesian Domestic T104N R57W S26 NW
925 Artesian Domestic T104N R57W S34 NWNE
926 Artesian Domestic T104N R57W S27 SWSW
927 Artesian Domestic T104N R57W S34 NWNE
927 Artesian Domestic T104N R57W S26 NW
930 Artesian Domestic T104N R57W S15 NW
930 Artesian Domestic T104N R57W S15 NW
930 Artesian Domestic T104N R57W S9 SE
933 Artesian Domestic T104N R57W S3 NWNW
935 Artesian Domestic T104N R57W S3 NENW
935 Artesian Domestic T104N R57W S3 NENW
936 Artesian Domestic T103N R57W S2 SWSW
939 Artesian Domestic T103N R57W S26 NENE
940 Artesian Stock T103N R57W S12 NWNE
940 Artesian Domestic T102N R57W S13
940 Artesian Domestic T102N R57W S25 NENE
945 Artesian Domestic T101N R56W S33 NWNE
945 Artesian Domestic T101N R56W S33 SW
948 Artesian Domestic T101N R56W S29 NE
948 Artesian Domestic T101N R56W S33 NENW
950 Artesian Domestic T100N R57W S10 SENW
956 Artesian Domestic T100N R57W S25 SENE
956 Artesian Domestic T99N R57W S24 SWSW
959 Artesian Domestic T99N R57W S14 SENE
960 Artesian Domestic T99N R57W S13 SWSW
961 Artesian Domestic T99N R57W S36 NENE
963 Artesian Domestic T99N R57W S1 NWNW
968 Artesian Domestic T99N R57W S12 NESE
970 Artesian Domestic T99N R57W S24 SESE
973 Artesian Domestic T98N R56W S34 NWSW
973 Artesian Domestic T98N R56W S18 NESE
975 Artesian Domestic T98N R56W S21 NWNE
980 Artesian Domestic T98N R56W S6 NE
982 Artesian Domestic T98N R56W S5
983 Artesian Domestic T97N R56W S4 NWNW
987 Artesian Domestic T97N R56W S34 NENE
988 Artesian Domestic T97N R56W S15 SW SW
990 Artesian Irrigation T97N R56W S33 SW SE
993 Artesian Domestic T97N R56W S10 NENW
995 Artesian Domestic T96N R56W S15 SENW
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

998 Artesian Domestic T96N R56W S26 SWSW
999 Artesian Irrigation T95N R55W S19 SWSW
1000 Artesian Domestic T95N R56W S1 NESE
1000 Artesian Domestic T95N R56W S12 NENE
1003 Artesian Domestic T95N R56W S36 SE
1004 Artesian Domestic T95N R56W S25
1007 Artesian Domestic T95N R56W S11 SWNE
1008 Artesian Domestic T95N R56W S11 SWNE
1008 Artesian Domestic T95N R56W S23 SE
1010 Artesian Domestic T94N R56W S1 SESE
1010 Artesian Domestic T94N R56W S11 NENE
1010 Artesian Irrigation T94N R56W S13 SWSE
1013 Artesian Domestic T94N R56W S1 SWSW
1016 Artesian Domestic T94N R55W S1 SENE
1017 Artesian Domestic T94N R55W S8 NWNW
1020 Artesian Domestic T94N R55W S17 SWNW
1020 Artesian Domestic T94N R56W S17 SWNW
1020 Artesian Domestic T94N R55W S7 NENE
1025 Artesian Irrigation T94N R55W S31 NE
1028 Artesian Domestic T95N R56W S23 SE
1030 Artesian Irrigation T94N R55W S32 NWNW
1034 Artesian Domestic T94N R55W S29 SWNE
1040 Artesian Domestic T94N R55W S32 NWNW
1042 Artesian Irrigation T94N R55W S6 NWSE
1042 Artesian Irrigation T94N R55W S32 NWSW
1043 Artesian Irrigation T94N R55W S19 NESW
1046 Artesian Irrigation T94N R55W S19 NWNW
1046 Artesian Domestic T94N R55W S19 NE
1046 Artesian Domestic T94N R55W S18 NENW
1050 Artesian Domestic T94N R55W S19
1056 Artesian Irrigation T94N R55W S7 NENW
1057 Artesian Domestic T94N R55W S18 SWNW
1057 Artesian Irrigation T94N R55W S29 NENW
1060 Artesian Domestic T93N R56W S13
1060 Artesian Municipal T93N R56W S13 NE
1061 Artesian Domestic T93N R56W S13
1063 Artesian Domestic T93N R56W S13
1065 Artesian Domestic T93N R56W S13
1065 Artesian Irrigation T93N R55W S6 SWSE
1069 Artesian Irrigation T93N R55W S6 SWSE
1070 Artesian Domestic T93N R55W S18 SESE
1073 Artesian Domestic T93N R55W S18
1078 Artesian Domestic T93N R55W S18
1080 Artesian Domestic T93N R55W S18
1080 Artesian Domestic T93N R55W S18
1086 Artesian Domestic T93N R55W S18 NWSW
1093 Artesian Irrigation T93N R55W S6 NESE
1098 Artesian Irrigation T93N R55W S6 SESE
1100 Artesian Irrigation T93N R55W S18 NENW
1100 Artesian Irrigation T93N R55W S4 NWSW
1106 Artesian Irrigation T93N R55W S17 NWNE
1108 Artesian Irrigation T93N R55W S9
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

1110 Artesian Domestic T93N R55W S7 SESE
1120 Artesian Irrigation T93N R55W S8 SESE
1120 Artesian Domestic T93N R55W S5 SWSW
1122 Artesian Domestic T93N R55W S7
1125 Artesian Domestic T93N R55W S9
1135 Artesian Domestic T93N R55W S18 SESE
1138 Artesian Domestic T93N R55W S6
1140 Artesian Domestic T93N R55W S8 SWNE
1148 Artesian Irrigation T93N R55W S18 NWNW
1150 Artesian Municipal T93N R55W S7
1155 Artesian Municipal T93N R55W S18 SWNE
1165 Artesian Municipal T93N R55W S18 SESW
1179 Artesian Municipal T93N R55W S18 SWNE
1195 Artesian Domestic T93N R55W S8
1218 Artesian Domestic T94N R55W S17 SWNW
1240 Artesian Irrigation T94N R55W S17 NWSW

Source: SD DENR, 2011. Available at: http://denr.sd.gov/des/wr/dblogsearch.aspx
Note: Artesian well designation was based on interpretation of available well log data.
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
108525 0 0 Domestic 40.070191 -97.010048
161895 0 0 Irrigation 40.070806 -96.997194
191288 0 0 Irrigation 40.077250 -97.000583
172943 0 0 Irrigation 40.077389 -97.004000
158418 0 0 Irrigation 40.078250 -96.992417
156914 0 0 Irrigation 40.078583 -96.989944
179902 0 0 Irrigation 40.078667 -96.987444
63011 0 0 Irrigation 40.079327 -96.994424
176426 0 0 Irrigation 40.081972 -96.999056
37722 0 0 Irrigation 40.085028 -97.006483
59869 0 0 Irrigation 40.091828 -96.996587
176302 0 0 Irrigation 40.098917 -96.983333
179903 0 0 Irrigation 40.099972 -96.985944
25152 0 0 Irrigation 40.106398 -97.015605
147490 0 0 Irrigation 40.111722 -97.019972
67541 0 0 Irrigation 40.111826 -97.017782
67346 0 0 Irrigation 40.113659 -97.015385
165913 0 0 Domestic 40.131139 -97.003697
193382 0 0 Irrigation 40.139000 -97.020139
23906 0 0 Irrigation 40.144564 -97.022595
203691 0 0 Irrigation 40.146250 -97.020111
138505 0 0 Irrigation 40.146255 -96.998347
72507 0 0 Irrigation 40.148133 -97.022604
80857 0 0 Irrigation 40.149903 -97.015475
45306 0 0 Irrigation 40.149938 -96.996507
123879 0 0 Irrigation 40.157217 -97.024845
19905 0 0 Irrigation 40.157570 -97.005937
55702 0 0 Irrigation 40.162662 -97.022663
46733 0 0 Irrigation 40.164542 -97.006136
5206 0 0 Irrigation 40.164572 -96.996717

69271 0 0 Irrigation 40.170015 -96.994359
106294 0 0 Irrigation 40.171711 -97.025042
106959 0 0 Irrigation 40.171725 -97.004072
80225 0 0 Irrigation 40.175462 -97.005903
69131 0 0 Irrigation 40.177203 -97.027428
52222 0 0 Irrigation 40.179571 -97.001162
197990 0 0 Irrigation 40.181222 -97.015778
167336 0 0 Irrigation 40.185778 -97.010778
10300 0 0 Irrigation 40.186280 -97.015700
56279 0 0 Irrigation 40.191756 -97.008669
164198 0 0 Irrigation 40.193083 -97.015000
109935 0 0 Irrigation 40.193666 -96.996975
42866 0 0 Irrigation 40.197806 -97.006277
128772 0 0 Irrigation 40.201760 -97.004293
164197 0 0 Irrigation 40.204417 -97.015306
109934 0 0 Irrigation 40.204290 -97.000082
126561 0 0 Domestic 40.205460 -97.010827
82239 0 0 Irrigation 40.208020 -97.024709
183134 0 0 Irrigation 40.208167 -97.015917
148880 0 0 Irrigation 40.215361 -97.034139
161541 8 0 Irrigation 40.216886 -97.004250
65005 45 0 Irrigation 40.229830 -97.006418
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
63923 72 0 Irrigation 40.235276 -97.023013
39398 75 0 Irrigation 40.237087 -97.006426
63922 78 0 Irrigation 40.238899 -97.031448
136914 78 0 Irrigation 40.241194 -97.027944
111664 105 0 Domestic 40.265845 -97.028631
55998 107 0 Irrigation 40.267921 -97.045576
71866 118 0 Irrigation 40.271558 -97.036167
139360 120 0 Irrigation 40.273528 -97.043167
36258 120 0 Irrigation 40.275873 -97.038561
151827 120 0 Domestic 40.277083 -97.036500
75173 120 0 Irrigation 40.278783 -97.031508
36827 120 0 Irrigation 40.280522 -97.025912
36094 120 0 Irrigation 40.284136 -97.029235
147552 160 0 Irrigation 40.287056 -97.041583

4438 180 0 Irrigation 40.287858 -97.024385
28504 190 0 Irrigation 40.293997 -97.038073
193812 197 0 Irrigation 40.295000 -97.024611
181792 260 0 Irrigation 40.295278 -97.033861
86284 308 0 Irrigation 40.295009 -97.015372
78243 35 4 Irrigation 40.296994 -97.045680
74102 40 4 Irrigation 40.302419 -97.043325
35761 40 4 Irrigation 40.302452 -97.036085
86379 57 4 Irrigation 40.302338 -97.015439
116921 20 5 Domestic 40.306535 -97.026768
122984 31 5 Domestic 40.306718 -97.020203
143398 82 5 Domestic 40.306848 -97.025066
97025 98 5 Domestic 40.308280 -97.030214
101591 377 5 Domestic 40.308280 -97.028421
10811 17 6 Irrigation 40.309686 -97.045358
153255 40 6 Irrigation 40.309647 -97.033802
82683 44 6 Irrigation 40.309752 -97.015450
33712 53 6 Irrigation 40.315228 -97.024490
135904 59 6 Irrigation 40.316965 -97.043203
121797 72 6 Irrigation 40.316937 -97.033890
131571 78 6 Irrigation 40.316889 -97.015437

4490 84 6 Irrigation 40.324143 -97.052634
65615 85 6 Irrigation 40.324184 -97.033894
56956 86 6 Irrigation 40.331403 -97.043360
43595 100 6 Irrigation 40.331343 -97.034341
125630 13 7 Domestic 40.331893 -97.027720
40370 64 7 Irrigation 40.331873 -97.025568
11853 72 7 Irrigation 40.338611 -97.052839
179327 77 7 Irrigation 40.338083 -97.026667
155304 80 7 Irrigation 40.338750 -97.043389
71807 81 7 Irrigation 40.338776 -97.033887
74248 88 7 Irrigation 40.344199 -97.022623
79435 100 7 Irrigation 40.345920 -97.043294
3839 32 8 Irrigation 40.346023 -97.033885

70288 36 8 Irrigation 40.353208 -97.041611
99309 39 8 Irrigation 40.353222 -97.022522
34796 43 8 Irrigation 40.354104 -97.024533
54735 50 8 Irrigation 40.355027 -97.048669
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
40064 55 8 Irrigation 40.358660 -97.024819
37224 60 8 Irrigation 40.360378 -97.056825
195649 65 8 Irrigation 40.360388 -97.022505
36514 81 8 Irrigation 40.365587 -97.025278
46586 88 8 Irrigation 40.367579 -97.032179
3662 95 8 Irrigation 40.369525 -97.058251

206005 95 8 Domestic 40.371889 -97.020722
76127 97 8 Irrigation 40.373028 -97.034576
88484 100 8 Irrigation 40.374002 -97.039016
115681 104 8 Irrigation 40.375022 -97.041690
24995 125 8 Irrigation 40.375317 -97.051168
37294 43 9 Irrigation 40.378584 -97.039190
47529 60 9 Irrigation 40.378620 -97.022724
39335 61 9 Irrigation 40.378874 -97.025129
11415 61 9 Irrigation 40.380481 -97.053543
80243 64 9 Irrigation 40.381412 -97.051818
37295 64 9 Irrigation 40.385850 -97.041755
24229 65 9 Irrigation 40.385803 -97.039888
179631 70 9 Irrigation 40.385872 -97.033455
45575 72 9 Irrigation 40.385871 -97.027422
82644 80 9 Irrigation 40.389111 -97.061058
69917 80 9 Irrigation 40.391345 -97.048776
88314 87 9 Irrigation 40.393910 -97.044248
10388 95 9 Irrigation 40.394876 -97.044072
35775 95 9 Irrigation 40.400202 -97.070054
63219 97 9 Irrigation 40.400321 -97.041661
196812 100 9 Irrigation 40.400522 -97.036814
86591 104 9 Irrigation 40.402135 -97.050351
53705 115 9 Irrigation 40.402843 -97.044605
112678 120 9 Irrigation 40.407485 -97.070774
80327 0 10 Irrigation 40.411232 -97.070091
162194 25 10 Irrigation 40.411167 -97.060667
132842 42 10 Irrigation 40.411219 -97.051147
161501 67 10 Irrigation 40.411778 -97.065250
36759 70 10 Irrigation 40.419147 -97.074856
162595 80 10 Domestic 40.421778 -97.041056
56102 80 10 Irrigation 40.423916 -97.063009
136697 97 10 Irrigation 40.429228 -97.070058
166861 99 10 Irrigation 40.429646 -97.061056
96928 115 10 Irrigation 40.431953 -97.060333
78571 141 10 Irrigation 40.433470 -97.075472
6666 0 11 Irrigation 40.434829 -97.043943

28626 25 11 Irrigation 40.440204 -97.049165
202294 30 11 Irrigation 40.440556 -97.062556
30300 60 11 Irrigation 40.443822 -97.060250
31373 60 11 Irrigation 40.451018 -97.065352
30189 80 11 Irrigation 40.465575 -97.041281
32558 113 11 Irrigation 40.466930 -97.039776
94104 48 12 Irrigation 40.467592 -97.046249
33233 52 12 Irrigation 40.469390 -97.046311
32488 53 12 Irrigation 40.472094 -97.046306
186588 53 12 Domestic 40.492306 -97.070194
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
39830 66 12 Irrigation 40.496532 -97.041968
190185 70 12 Irrigation 40.496953 -97.051823
40712 79 12 Irrigation 40.498307 -97.044139
32011 100 12 Irrigation 40.498600 -97.049535
33622 133 12 Irrigation 40.498870 -97.040943
47389 160 12 Irrigation 40.502078 -97.050641
47388 33 13 Irrigation 40.505580 -97.051119
100548 49 13 Irrigation 40.507276 -97.046726
127151 50 13 Domestic 40.524603 -97.078974
183618 52 13 Domestic 40.524583 -97.072000
195173 55 13 Domestic 40.526361 -97.071989
195175 56 13 Domestic 40.527111 -97.071806
198677 60 13 Domestic 40.527222 -97.073056
111683 84 13 Domestic 40.529219 -97.101089
198678 50 14 Domestic 40.570861 -97.086944
181141 48 14 Irrigation 40.585512 -97.079367
32971 62 14 Irrigation 40.588277 -97.101779
183881 65 14 Irrigation 40.588829 -97.108573
99506 74 14 Irrigation 40.592725 -97.098454
32240 74 14 Irrigation 40.592703 -97.079585
28765 78 14 Irrigation 40.596438 -97.107723
58790 88 14 Irrigation 40.598107 -97.081816
12779 98 14 Irrigation 40.602580 -97.081486
126177 105 14 Irrigation 40.603442 -97.084325
190812 39 15 Irrigation 40.607276 -97.098446
182183 40 15 Irrigation 40.609192 -97.090625
126214 49 15 Irrigation 40.610653 -97.107955
138914 52 15 Irrigation 40.610673 -97.079256
53731 72 15 Irrigation 40.614522 -97.098368
30139 80 15 Irrigation 40.614939 -97.086585
64081 80 15 Irrigation 40.616232 -97.081716
53704 84 15 Irrigation 40.618287 -97.109372
95475 85 15 Irrigation 40.621702 -97.088829
27156 85 15 Irrigation 40.622668 -97.102240
3709 100 15 Irrigation 40.623478 -97.081830

30119 110 15 Irrigation 40.624006 -97.098520
167152 136 15 Irrigation 40.625264 -97.108776
12576 160 15 Irrigation 40.627212 -97.105331
30673 65 16 Irrigation 40.626983 -97.088852
203862 70 16 Irrigation 40.628986 -97.088801

3769 70 16 Irrigation 40.630839 -97.100781
28746 72 16 Irrigation 40.634508 -97.110378
30469 80 16 Irrigation 40.633868 -97.080492
95188 84 16 Irrigation 40.636281 -97.107903
98924 86 16 Irrigation 40.636173 -97.098535
67143 87 16 Irrigation 40.638131 -97.110326
140921 90 16 Irrigation 40.643625 -97.089074
33353 99 16 Irrigation 40.643686 -97.079452
13474 41 17 Irrigation 40.646969 -97.103351
79510 52 17 Irrigation 40.646877 -97.097981
63316 95 17 Irrigation 40.648885 -97.105551
11438 97 17 Irrigation 40.648851 -97.096078
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
1932 101 17 Irrigation 40.648813 -97.081963

63867 124 17 Irrigation 40.650666 -97.098449
63866 125 17 Irrigation 40.652481 -97.100819
3449 26 18 Irrigation 40.656123 -97.105555

11665 35 18 Irrigation 40.655957 -97.077185
82882 50 18 Irrigation 40.657838 -97.088927
15695 53 18 Irrigation 40.658152 -97.086333
15696 65 18 Irrigation 40.658844 -97.111071

222 80 18 Irrigation 40.659800 -97.115073
151251 120 18 Irrigation 40.659540 -97.098366
128657 138 18 Domestic 40.661431 -97.083747
98710 44 19 Domestic 40.664530 -97.083305
66658 50 19 Irrigation 40.665195 -97.107940
96674 105 19 Irrigation 40.665187 -97.088840
66657 120 19 Irrigation 40.666938 -97.096090
164538 125 19 Domestic 40.669229 -97.093611
112533 187 19 Domestic 40.669718 -97.104363

3378 50 20 Irrigation 40.670642 -97.110336
183607 63 20 Irrigation 40.671241 -97.098878
122263 71 20 Domestic 40.671498 -97.082772
48720 118 20 Irrigation 40.672229 -97.079525
1548 125 20 Irrigation 40.677716 -97.077155
2073 43 21 Irrigation 40.679510 -97.089089
6442 100 21 Irrigation 40.680072 -97.098608

146040 123 21 Domestic 40.681389 -97.107250
29009 125 21 Irrigation 40.683394 -97.112807
85065 36 22 Irrigation 40.683311 -97.093706
191311 40 22 Irrigation 40.684903 -97.108144

2845 42 22 Irrigation 40.684999 -97.096173
19299 55 22 Irrigation 40.685129 -97.099708
72639 65 22 Irrigation 40.695712 -97.107698
105103 87 22 Domestic 40.698057 -97.103924
151077 88 22 Domestic 40.708500 -97.113972
17524 100 22 Irrigation 40.716294 -97.096919
133168 100 22 Irrigation 40.718440 -97.098696
35851 108 22 Irrigation 40.718834 -97.092254
5250 119 22 Irrigation 40.723414 -97.095478

99212 91 23 Domestic 40.724331 -97.126473
49074 105 23 Irrigation 40.723853 -97.099483
32127 109 23 Irrigation 40.726917 -97.105603
45260 114 23 Irrigation 40.727138 -97.103077
186033 57 24 Domestic 40.727861 -97.121000
129775 76 24 Domestic 40.727823 -97.113635
81299 80 24 Irrigation 40.730319 -97.100176
5476 91 24 Irrigation 40.730823 -97.106380
4652 95 24 Irrigation 40.732708 -97.113517

54545 55 25 Irrigation 40.732610 -97.103991
40983 60 25 Irrigation 40.734464 -97.116150
36708 69 25 Irrigation 40.734427 -97.112578
21500 76 25 Irrigation 40.737255 -97.106354
104588 80 25 Domestic 40.737977 -97.121521
85303 115 25 Irrigation 40.739364 -97.115990
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
86634 120 25 Irrigation 40.740590 -97.116800
36042 125 25 Irrigation 40.740961 -97.120885
3731 136 25 Irrigation 40.741578 -97.121847

113687 157 25 Domestic 40.742105 -97.139131
150826 165 25 Domestic 40.742444 -97.142222
33171 100 26 Irrigation 40.743595 -97.122805
95919 108 26 Irrigation 40.747391 -97.130057
3305 140 26 Irrigation 40.747490 -97.123925

35599 140 26 Irrigation 40.747834 -97.112965
53610 144 26 Irrigation 40.750223 -97.130238
35620 47 27 Irrigation 40.751894 -97.130021
46186 50 27 Irrigation 40.753076 -97.156915
4452 72 27 Irrigation 40.752653 -97.125356

172070 80 27 Domestic 40.753387 -97.118941
33872 100 27 Irrigation 40.753991 -97.132736
30060 110 27 Irrigation 40.754000 -97.130227
59893 110 27 Irrigation 40.758856 -97.118428
161925 135 27 Irrigation 40.760025 -97.134890
12252 84 28 Irrigation 40.761853 -97.125413
41004 104 28 Irrigation 40.763676 -97.144480
163511 122 28 Domestic 40.765611 -97.159694
99007 122 28 Irrigation 40.767353 -97.144397
21819 168 28 Irrigation 40.767245 -97.125274
65678 170 28 Irrigation 40.769093 -97.137261
33736 220 28 Irrigation 40.769436 -97.133703
40907 114 29 Irrigation 40.770237 -97.148069
49538 120 29 Irrigation 40.774793 -97.151499
49537 168 29 Irrigation 40.774679 -97.144319
184697 60 30 Irrigation 40.774528 -97.134972
33950 87 30 Irrigation 40.778475 -97.130226
38228 89 30 Irrigation 40.781791 -97.151856
19751 100 30 Irrigation 40.781795 -97.149084
138011 104 30 Irrigation 40.781857 -97.144479
38383 110 30 Irrigation 40.781809 -97.139674
37110 113 30 Irrigation 40.781922 -97.134958
81990 120 30 Irrigation 40.783596 -97.161055
49753 122 30 Irrigation 40.785326 -97.161588
29110 130 30 Irrigation 40.785492 -97.136008
4650 145 30 Irrigation 40.787220 -97.156328

160848 150 30 Domestic 40.787500 -97.151889
83302 65 31 Irrigation 40.789309 -97.163466
8636 85 31 Irrigation 40.789049 -97.144409

37815 118 31 Irrigation 40.792852 -97.135956
30610 148 31 Irrigation 40.796419 -97.156418
30046 271 31 Irrigation 40.796328 -97.143973
34081 90 32 Irrigation 40.796397 -97.139674
156806 94 32 Irrigation 40.796278 -97.130528
122057 123 32 Domestic 40.797867 -97.139994
70873 134 32 Irrigation 40.798104 -97.146788
37850 246 32 Irrigation 40.800071 -97.156995
144486 115 33 Irrigation 40.803750 -97.163694
49376 118 33 Irrigation 40.803384 -97.144527
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
30061 100 34 Irrigation 40.804198 -97.141438
146861 120 34 Irrigation 40.807180 -97.134825
36207 120 34 Irrigation 40.808915 -97.154568
197424 149 34 Irrigation 40.811139 -97.163667

4612 105 35 Irrigation 40.816318 -97.151546
68707 129 35 Irrigation 40.816318 -97.151546
154503 130 35 Irrigation 40.818194 -97.144250
77430 136 35 Irrigation 40.818099 -97.135455
151253 265 35 Irrigation 40.818194 -97.135028
76305 82 37 Irrigation 40.819962 -97.166117
45261 84 37 Irrigation 40.824531 -97.149121
154502 129 37 Irrigation 40.825972 -97.139472
74001 78 38 Irrigation 40.827188 -97.151539
41958 82 38 Irrigation 40.830893 -97.166131
155694 94 38 Irrigation 40.832587 -97.144299
45043 132 38 Irrigation 40.838240 -97.152284
14115 140 38 Irrigation 40.840260 -97.154133
190511 158 38 Irrigation 40.840167 -97.144194
196305 79 39 Irrigation 40.842333 -97.165278
43310 88 39 Irrigation 40.842159 -97.148317
109894 120 39 Irrigation 40.843634 -97.144336
67884 85 40 Irrigation 40.845437 -97.161161
74501 92 40 Irrigation 40.845972 -97.166603
196765 97 40 Irrigation 40.847204 -97.153998
63001 100 40 Irrigation 40.848891 -97.137844
124862 100 40 Domestic 40.850732 -97.159012
72057 120 40 Irrigation 40.850743 -97.144296
81260 124 40 Irrigation 40.854640 -97.164532
81156 130 40 Irrigation 40.854450 -97.153819
30887 141 40 Irrigation 40.855464 -97.174224
66350 160 40 Irrigation 40.855423 -97.168332
38869 166 40 Irrigation 40.857946 -97.144038
55148 171 40 Irrigation 40.859917 -97.146639
16644 180 40 Irrigation 40.860926 -97.148988
34091 250 40 Irrigation 40.861832 -97.173016
99332 405 40 Irrigation 40.861832 -97.163398
29880 106 41 Irrigation 40.862669 -97.153880
14116 101 42 Irrigation 40.869148 -97.173886
99333 117 42 Irrigation 40.869011 -97.163397
61706 119 42 Irrigation 40.869037 -97.153792
40724 130 42 Irrigation 40.870410 -97.148984
156128 140 42 Irrigation 40.870333 -97.143472
117141 127 43 Domestic 40.871220 -97.144546
30693 130 43 Irrigation 40.874438 -97.156170
156129 184 43 Irrigation 40.874253 -97.139717
103060 80 44 Irrigation 40.876120 -97.163550
144870 166 44 Irrigation 40.876306 -97.144389
41316 230 44 Irrigation 40.879606 -97.158497
9145 70 45 Irrigation 40.881657 -97.146592

32025 70 45 Irrigation 40.881639 -97.137558
69267 73 45 Irrigation 40.883504 -97.172826
32024 85 45 Irrigation 40.882607 -97.135810
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
35800 90 45 Irrigation 40.883478 -97.161800
128086 102 45 Domestic 40.883995 -97.134611

9149 120 45 Irrigation 40.885308 -97.156125
9143 137 45 Irrigation 40.885295 -97.151351

27535 58 46 Irrigation 40.886039 -97.140678
38176 70 46 Irrigation 40.887076 -97.160484
175491 79 46 Domestic 40.887278 -97.144639

9147 87 46 Irrigation 40.888361 -97.147017
9148 144 46 Irrigation 40.888453 -97.149039

17196 150 46 Irrigation 40.889371 -97.128763
59683 150 46 Irrigation 40.890453 -97.152514
41314 85 47 Irrigation 40.890720 -97.160248
41315 97 47 Irrigation 40.891207 -97.158362
180175 130 47 Irrigation 40.894778 -97.143889
29702 143 47 Irrigation 40.896773 -97.135733
180167 104 48 Irrigation 40.898111 -97.144056
18159 210 48 Irrigation 40.898741 -97.137711
34486 85 49 Irrigation 40.900245 -97.156858
34485 110 49 Irrigation 40.900519 -97.156168
153363 138 49 Domestic 40.901232 -97.159163
134245 75 50 Domestic 40.901057 -97.135173
95443 134 50 Domestic 40.901980 -97.155457
124820 160 50 Irrigation 40.901864 -97.139269
178930 200 50 Domestic 40.902553 -97.149911
153362 80 51 Domestic 40.903072 -97.145295
71940 135 51 Irrigation 40.903437 -97.137209
74070 140 51 Irrigation 40.907052 -97.146497
108541 153 51 Domestic 40.931585 -97.138703
124413 350 51 Domestic 40.936071 -97.139050
124412 85 52 Domestic 40.936071 -97.138960
40833 95 52 Irrigation 40.937880 -97.152734
179894 110 52 Domestic 40.937333 -97.116333
11509 120 52 Irrigation 40.939668 -97.146441
132536 120 52 Domestic 40.941519 -97.140347
142400 150 52 Domestic 40.942402 -97.121773
74531 150 52 Irrigation 40.943285 -97.151208
100189 104 53 Irrigation 40.943274 -97.150306
199453 152 53 Domestic 40.943611 -97.125583
206562 72 54 Domestic 40.943694 -97.125111
199452 80 54 Domestic 40.943944 -97.124722
176793 102 54 Domestic 40.944472 -97.124361
92479 111 54 Domestic 40.944711 -97.119701
137431 117 54 Domestic 40.945467 -97.138421
169971 124 54 Domestic 40.945083 -97.121167
105827 124 54 Irrigation 40.946405 -97.141389
103070 213 54 Irrigation 40.947827 -97.150865
14799 65 55 Irrigation 40.948719 -97.148421
143799 100 55 Domestic 40.952667 -97.126139
33272 108 55 Irrigation 40.957457 -97.151089
121700 110 55 Domestic 40.957068 -97.125737
70874 119 55 Irrigation 40.957762 -97.151099
72730 120 55 Irrigation 40.957762 -97.151099
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
121701 123 55 Domestic 40.957298 -97.126023
179944 133 55 Domestic 40.965139 -97.123556
195421 140 55 Domestic 40.966783 -97.139633
186461 140 55 Domestic 40.968050 -97.131850
122269 154 55 Domestic 40.971028 -97.129858
122165 160 55 Domestic 40.973064 -97.142519
130128 160 55 Domestic 40.988833 -97.120925
186788 240 55 Domestic 40.999639 -97.119111
128141 110 56 Domestic 41.014012 -97.153547
152518 276 56 Domestic 41.014167 -97.140917
112440 100 57 Domestic 41.025800 -97.157182
22710 110 57 Irrigation 41.054554 -97.148458
149357 120 57 Domestic 41.061528 -97.146528
131011 134 57 Domestic 41.069623 -97.137374
95466 150 57 Domestic 41.077774 -97.138720
40099 120 58 Irrigation 41.087554 -97.162227
52803 134 58 Irrigation 41.088183 -97.171508
183279 152 58 Irrigation 41.088056 -97.151194
55272 156 58 Irrigation 41.089375 -97.137712
81448 110 59 Irrigation 41.089898 -97.146248
203928 116 59 Irrigation 41.089917 -97.146250
181956 198 59 Domestic 41.089783 -97.137933
174618 110 60 Irrigation 41.093778 -97.171917
184645 115 60 Irrigation 41.093639 -97.162639

4836 117 60 Irrigation 41.095470 -97.150223
74853 125 60 Irrigation 41.099032 -97.174260
39321 146 60 Irrigation 41.100188 -97.159897
173451 204 60 Irrigation 41.100778 -97.152778
85580 208 60 Irrigation 41.100978 -97.143102
185022 210 60 Domestic 41.103967 -97.157100
58284 214 60 Irrigation 41.106245 -97.164710
146018 234 60 Irrigation 41.108222 -97.152722
64056 300 60 Irrigation 41.110001 -97.140796
175355 133 61 Irrigation 41.114778 -97.156306
72341 109 62 Irrigation 41.115514 -97.148131
13691 128 62 Irrigation 41.116313 -97.142074
138156 195 62 Domestic 41.119220 -97.161189
34387 91 63 Irrigation 41.122567 -97.164879
73512 113 63 Irrigation 41.122602 -97.152901
94636 123 63 Irrigation 41.122577 -97.143210
34020 124 63 Irrigation 41.125807 -97.176546
17277 128 63 Irrigation 41.130372 -97.151578
96147 129 63 Irrigation 41.130723 -97.152626
196865 160 63 Irrigation 41.144028 -97.186115

5924 145 64 Domestic 41.150018 -97.174649
26038 180 64 Irrigation 41.159028 -97.162660
17808 95 65 Irrigation 41.166328 -97.172575
17809 110 65 Irrigation 41.166308 -97.160127
16815 110 65 Irrigation 41.168011 -97.181066
44236 110 65 Irrigation 41.170016 -97.186357
64010 120 65 Irrigation 41.171895 -97.184098
120611 125 65 Domestic 41.173488 -97.166258
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
110253 130 65 Domestic 41.173757 -97.165949
92434 136 65 Domestic 41.173812 -97.166907
205520 140 65 Domestic 41.174233 -97.165767
120632 140 65 Domestic 41.175638 -97.163498
94284 140 65 Domestic 41.176289 -97.166478
162051 165 65 Domestic 41.176483 -97.160333
63915 180 65 Irrigation 41.181087 -97.191190
63914 182 65 Irrigation 41.186292 -97.164513
81551 101 66 Irrigation 41.188329 -97.176437
23484 130 66 Irrigation 41.190081 -97.183815
147593 131 66 Domestic 41.191278 -97.181891
132510 120 67 Irrigation 41.202582 -97.161918
121730 126 67 Domestic 41.207077 -97.171931
112562 130 67 Domestic 41.212106 -97.176746
66497 141 67 Irrigation 41.224478 -97.190431
63304 120 68 Irrigation 41.226352 -97.173708
154928 129 68 Irrigation 41.232194 -97.181806
186408 149 68 Irrigation 41.233833 -97.172417
21297 165 68 Irrigation 41.235587 -97.165983
183050 125 69 Irrigation 41.239320 -97.164621
54841 131 69 Irrigation 41.246382 -97.191057
73663 133 69 Irrigation 41.246417 -97.181836
183281 239 69 Irrigation 41.249833 -97.173083
143374 78 70 Domestic 41.250700 -97.200533
148819 94 70 Domestic 41.254717 -97.176367
150807 95 70 Irrigation 41.260750 -97.191167
144348 110 70 Irrigation 41.261040 -97.200839
68381 120 70 Irrigation 41.260881 -97.181745
186745 135 70 Domestic 41.265167 -97.190767
121613 140 70 Domestic 41.264988 -97.183395
162900 150 70 Irrigation 41.268194 -97.205833
157449 160 70 Irrigation 41.268210 -97.191343
83619 170 70 Irrigation 41.272871 -97.198848
136188 183 70 Irrigation 41.282731 -97.210616
162488 207 70 Domestic 41.291767 -97.204017
101104 320 70 Domestic 41.291828 -97.204683
133108 331 70 Domestic 41.294012 -97.176746
179800 115 71 Domestic 41.298350 -97.197617
87129 125 71 Irrigation 41.314502 -97.208226
14203 137 71 Irrigation 41.315407 -97.213755
99033 140 71 Irrigation 41.316306 -97.215403
99011 160 71 Irrigation 41.316721 -97.196426
28213 359 71 Irrigation 41.316696 -97.184603
171555 98 72 Irrigation 41.317740 -97.192931

8006 106 72 Irrigation 41.317972 -97.198437
14264 117 72 Irrigation 41.320616 -97.202577
139419 120 72 Domestic 41.323078 -97.216405
98509 134 72 Irrigation 41.323574 -97.210563
66369 136 72 Irrigation 41.323364 -97.200981
63109 144 72 Irrigation 41.323544 -97.208344
7307 157 72 Irrigation 41.323183 -97.184447

15309 165 72 Irrigation 41.323355 -97.190991
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
60424 200 72 Irrigation 41.323186 -97.179981
58309 485 72 Irrigation 41.327072 -97.200875
132494 108 73 Domestic 41.329889 -97.195866
172372 112 73 Irrigation 41.330544 -97.199019
15310 117 73 Irrigation 41.331560 -97.194372
7138 119 73 Irrigation 41.332647 -97.215103

134266 134 73 Irrigation 41.332189 -97.189603
27809 140 73 Irrigation 41.332807 -97.210455

411 143 73 Irrigation 41.332414 -97.186236
160756 165 73 Domestic 41.333683 -97.202583
101193 94 74 Irrigation 41.334972 -97.185331
150469 116 74 Domestic 41.338313 -97.213500

8338 117 74 Irrigation 41.337847 -97.193181
4485 117 74 Irrigation 41.338596 -97.199647

100412 130 74 Domestic 41.338507 -97.190908
8583 91 75 Irrigation 41.339776 -97.217713
4484 98 75 Irrigation 41.339703 -97.208010

170882 110 75 Irrigation 41.339694 -97.187781
105814 114 75 Irrigation 41.341671 -97.215514
90468 128 75 Irrigation 41.341356 -97.200706
12562 137 75 Irrigation 41.341439 -97.186206
90469 141 75 Irrigation 41.344992 -97.205396
66119 175 75 Irrigation 41.345200 -97.200732
13517 200 75 Irrigation 41.345120 -97.191918
141029 201 75 Domestic 41.346117 -97.195600
79953 107 76 Irrigation 41.348893 -97.210508
54022 108 76 Irrigation 41.348791 -97.203857
153419 120 76 Irrigation 41.348573 -97.181682
66499 120 76 Irrigation 41.350348 -97.188467
91199 131 76 Domestic 41.352619 -97.204480
13864 134 76 Irrigation 41.352684 -97.203262
15393 140 76 Irrigation 41.353306 -97.218299
6376 240 76 Irrigation 41.354254 -97.207833

74801 118 77 Irrigation 41.354138 -97.193214
7896 130 77 Irrigation 41.354084 -97.188406

17914 132 77 Irrigation 41.356378 -97.185851
32603 147 77 Irrigation 41.356989 -97.210330
14204 173 77 Irrigation 41.359748 -97.200552
27978 180 77 Irrigation 41.359644 -97.191956
6375 200 77 Irrigation 41.361275 -97.183469

159818 108 78 Irrigation 41.362861 -97.210028
64790 115 78 Irrigation 41.363260 -97.200509
66725 118 78 Irrigation 41.363039 -97.190808
55560 124 78 Irrigation 41.365157 -97.212509
101040 143 78 Irrigation 41.368706 -97.192562
78303 144 78 Irrigation 41.370671 -97.210019
63191 149 78 Irrigation 41.370562 -97.200400
171066 151 78 Irrigation 41.370366 -97.185735
38097 230 78 Irrigation 41.370658 -97.192710
70870 277 78 Irrigation 41.372455 -97.207583

922 112 79 Irrigation 41.372400 -97.202774
136363 130 79 Domestic 41.373617 -97.191328
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
108828 134 79 Domestic 41.374559 -97.215791
144147 150 79 Domestic 41.374888 -97.209402
137921 153 79 Domestic 41.376371 -97.192483
124748 328 79 Irrigation 41.377539 -97.200207
70869 104 80 Irrigation 41.379701 -97.207457
160593 107 80 Irrigation 41.380483 -97.216379
148711 108 80 Irrigation 41.380479 -97.215285
148710 120 80 Irrigation 41.380475 -97.214557
127803 120 80 Domestic 41.382909 -97.208001
83275 122 80 Irrigation 41.388916 -97.190903
170719 128 80 Irrigation 41.389639 -97.185167
158850 135 80 Domestic 41.402556 -97.195694
186976 135 80 Irrigation 41.403276 -97.218506
73236 139 80 Irrigation 41.403877 -97.182619
150456 140 80 Irrigation 41.409082 -97.218701
42457 143 80 Irrigation 41.409217 -97.213613
173888 150 80 Irrigation 41.411366 -97.208894
140084 160 80 Irrigation 41.412830 -97.184749
124651 162 80 Domestic 41.414278 -97.186112
133779 184 80 Irrigation 41.414742 -97.182564
133503 208 80 Irrigation 41.414749 -97.180085
101596 227 80 Irrigation 41.416705 -97.189674

2024 129 81 Irrigation 41.421984 -97.201833
31565 130 81 Irrigation 41.422606 -97.189697
74095 163 81 Irrigation 41.423281 -97.193897
75829 123 82 Irrigation 41.423554 -97.194265
173346 130 82 Irrigation 41.424444 -97.204117
33186 140 82 Irrigation 41.426914 -97.190206
43549 140 82 Irrigation 41.427804 -97.213569
148548 130 83 Irrigation 41.427489 -97.180667
16320 132 83 Irrigation 41.427490 -97.180230
35216 173 83 Irrigation 41.428356 -97.184959
3422 124 84 Irrigation 41.429269 -97.192278

12596 130 84 Irrigation 41.430318 -97.204236
82066 247 84 Irrigation 41.431255 -97.216176
26729 113 85 Irrigation 41.431287 -97.213915
41125 130 85 Irrigation 41.430998 -97.199500
28825 134 85 Irrigation 41.431901 -97.203374
12595 135 85 Irrigation 41.432330 -97.209264
2249 141 85 Irrigation 41.433028 -97.216423

38849 170 85 Irrigation 41.432509 -97.194114
3421 180 85 Irrigation 41.432892 -97.192305

186737 181 85 Domestic 41.433433 -97.212250
40392 195 85 Irrigation 41.433606 -97.184982
121697 197 85 Domestic 41.434441 -97.213308
201560 228 85 Domestic 41.434850 -97.211850
143171 260 85 Domestic 41.435226 -97.212245
129317 340 85 Domestic 41.436519 -97.214836
78311 140 87 Domestic 41.437662 -97.211900
51854 150 87 Irrigation 41.437791 -97.209057
82891 300 87 Irrigation 41.437753 -97.200647
44804 141 88 Irrigation 41.438134 -97.204356
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
33185 143 88 Irrigation 41.438590 -97.188762
79138 155 88 Irrigation 41.438612 -97.181186
8816 201 88 Irrigation 41.440282 -97.206789

28047 256 88 Irrigation 41.440091 -97.191972
10856 130 89 Irrigation 41.442109 -97.211941
172686 140 89 Domestic 41.443949 -97.219543

8817 169 89 Irrigation 41.443919 -97.211623
2195 328 89 Irrigation 41.443877 -97.192347

36562 130 90 Irrigation 41.445175 -97.209229
32929 138 90 Irrigation 41.445990 -97.214525
33184 140 90 Irrigation 41.449336 -97.193340
91503 140 90 Domestic 41.451411 -97.214805
3423 140 90 Irrigation 41.451123 -97.197216
3420 140 90 Irrigation 41.451123 -97.192347

128973 141 90 Irrigation 41.452514 -97.208301
14472 145 90 Irrigation 41.452990 -97.223520
33997 146 90 Irrigation 41.452943 -97.219097
2196 149 90 Irrigation 41.454824 -97.211664

13402 150 90 Irrigation 41.454796 -97.192334
43550 165 90 Irrigation 41.456838 -97.199177
170098 170 90 Irrigation 41.460153 -97.228329
84491 185 90 Irrigation 41.459976 -97.205645
33181 185 90 Irrigation 41.460146 -97.209439
20310 185 90 Irrigation 41.460356 -97.215385
16251 190 90 Irrigation 41.460237 -97.196241
10020 190 90 Irrigation 41.462042 -97.192280
16252 196 90 Irrigation 41.462746 -97.199586
43551 210 90 Irrigation 41.463680 -97.199509
3860 224 90 Irrigation 41.469335 -97.226191

75735 225 90 Irrigation 41.469282 -97.201976
21885 227 90 Irrigation 41.470167 -97.209083
39499 242 90 Irrigation 41.471125 -97.218966
4646 253 90 Irrigation 41.476521 -97.197178

79182 261 90 Irrigation 41.478501 -97.233239
59315 283 90 Irrigation 41.478372 -97.218970
8820 293 90 Irrigation 41.478658 -97.211415

74854 297 90 Irrigation 41.480244 -97.235880
17200 305 90 Irrigation 41.481838 -97.204347
50909 182 91 Irrigation 41.485778 -97.238326
68162 220 91 Irrigation 41.485744 -97.231281
76365 240 91 Irrigation 41.485726 -97.218973
133087 130 92 Irrigation 41.485651 -97.209410

4406 147 92 Irrigation 41.487510 -97.206844
150519 147 92 Irrigation 41.489201 -97.207768
106422 163 92 Irrigation 41.493249 -97.238261
189855 170 92 Irrigation 41.492972 -97.218472
46407 175 92 Irrigation 41.492978 -97.209339
80943 180 92 Irrigation 41.493769 -97.223990
55601 189 92 Irrigation 41.494851 -97.240788
105622 189 92 Domestic 41.496929 -97.233389
127205 196 92 Domestic 41.497140 -97.206929
149507 215 92 Irrigation 41.498472 -97.226056
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
79281 240 92 Irrigation 41.500358 -97.238321
53932 165 93 Irrigation 41.500390 -97.231166
169670 175 93 Irrigation 41.500111 -97.218833

3681 180 93 Irrigation 41.500433 -97.206848
157737 185 93 Irrigation 41.500806 -97.206722
33435 243 93 Irrigation 41.505726 -97.227739
3304 142 94 Irrigation 41.505668 -97.211637

175318 160 94 Irrigation 41.507389 -97.218139
88964 180 94 Irrigation 41.507578 -97.217786
73513 193 94 Irrigation 41.509470 -97.235995
3303 240 94 Irrigation 41.509291 -97.211617

59487 118 95 Irrigation 41.512963 -97.221375
43382 134 95 Irrigation 41.512938 -97.209325
138841 140 95 Irrigation 41.514778 -97.238410
13560 147 95 Irrigation 41.516925 -97.228720
176039 151 95 Irrigation 41.516844 -97.219645
51424 172 95 Irrigation 41.518826 -97.233598
166018 190 95 Irrigation 41.522667 -97.233500

8374 200 95 Irrigation 41.523813 -97.211803
35103 200 95 Irrigation 41.524011 -97.218352
51437 240 95 Irrigation 41.525710 -97.248161
51423 143 96 Irrigation 41.525711 -97.239773
42383 169 96 Irrigation 41.525660 -97.228742
55602 220 96 Irrigation 41.527566 -97.240970
77896 186 97 Irrigation 41.527513 -97.226310
171032 221 97 Irrigation 41.528285 -97.221990
141821 233 97 Domestic 41.529000 -97.233129
32500 120 98 Irrigation 41.529299 -97.216645
111155 165 98 Domestic 41.544646 -97.236041

9010 186 98 Irrigation 41.549177 -97.211747
166851 231 98 Irrigation 41.585472 -97.247556
119611 175 100 Domestic 41.588024 -97.226974
167203 223 100 Domestic 41.589500 -97.234056
204429 223 100 Irrigation 41.590759 -97.245045
154856 234 100 Irrigation 41.593083 -97.236444
115334 236 100 Domestic 41.596538 -97.233166
160617 273 100 Irrigation 41.601667 -97.245667
187724 141 101 Irrigation 41.601695 -97.238213
55273 185 101 Irrigation 41.601976 -97.247426
79462 210 101 Irrigation 41.601681 -97.228048
156625 210 102 Irrigation 41.608944 -97.247333
155309 335 102 Irrigation 41.608928 -97.224377
108730 177 103 Domestic 41.613420 -97.218479
201183 160 103 Irrigation 41.616333 -97.247583
79493 225 103 Irrigation 41.616287 -97.237582
130747 250 103 Irrigation 41.619706 -97.218377
149352 287 103 Irrigation 41.623500 -97.246528
64880 340 103 Irrigation 41.625267 -97.230496
81121 180 104 Irrigation 41.630629 -97.218492
64593 193 104 Irrigation 41.632719 -97.249810
4706 247 104 Irrigation 41.632516 -97.235325

169012 293 104 Irrigation 41.639833 -97.250139
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
65484 360 104 Irrigation 41.639721 -97.230755
165691 190 105 Irrigation 41.641858 -97.227866
116334 221 105 Domestic 41.642364 -97.237077
137012 320 105 Domestic 41.644803 -97.233725
62339 164 106 Irrigation 41.654329 -97.235734
62340 182 107 Irrigation 41.661711 -97.240582
162764 187 107 Irrigation 41.667636 -97.223563
121848 190 107 Domestic 41.671012 -97.242939
113554 170 108 Domestic 41.700501 -97.267023
73827 179 108 Irrigation 41.719715 -97.279477
147058 268 108 Domestic 41.755456 -97.291617
124042 320 108 Domestic 41.760607 -97.270596
137695 220 109 Domestic 41.772522 -97.268416
144896 290 109 Domestic 41.791340 -97.272010
74379 160 110 Irrigation 41.817321 -97.273836
75016 160 110 Irrigation 41.831837 -97.245304
92258 182 110 Domestic 41.834454 -97.250928
191366 205 110 Irrigation 41.855538 -97.266706
97732 220 110 Domestic 41.877331 -97.277823
102708 225 110 Irrigation 41.877133 -97.247246
82527 279 110 Irrigation 41.884249 -97.266778
80925 238 111 Irrigation 41.884539 -97.257014
59477 164 112 Irrigation 41.884351 -97.247741
29444 203 112 Irrigation 41.884995 -97.274123
59476 240 112 Irrigation 41.884442 -97.238046
93967 200 114 Domestic 41.885783 -97.277996
6209 235 114 Irrigation 41.889883 -97.273770
5253 115 115 Irrigation 41.889900 -97.269257

180353 240 115 Irrigation 41.891722 -97.272778
80874 248 115 Irrigation 41.891674 -97.257043
171985 251 115 Irrigation 41.891678 -97.247493

2426 280 115 Irrigation 41.893505 -97.273823
38899 217 116 Irrigation 41.898877 -97.275152
171986 220 116 Irrigation 41.898972 -97.247411

5182 273 116 Irrigation 41.900751 -97.273930
74972 210 118 Irrigation 41.900789 -97.254591
66136 210 118 Irrigation 41.904346 -97.254561
5013 289 118 Irrigation 41.906119 -97.276396

10060 203 119 Irrigation 41.911571 -97.269069
62135 210 119 Irrigation 41.913365 -97.276429
50186 182 120 Irrigation 41.913386 -97.266634
81037 186 120 Irrigation 41.917225 -97.266748
122058 192 120 Domestic 41.917623 -97.275651
68842 218 120 Irrigation 41.918836 -97.254508
2429 220 120 Irrigation 41.918836 -97.254508

173536 230 120 Irrigation 41.920111 -97.244380
29988 239 120 Irrigation 41.920619 -97.252011
5100 240 120 Irrigation 41.926082 -97.254591

201034 240 120 Domestic 41.927194 -97.251028
83303 250 120 Irrigation 41.936411 -97.251479
66269 265 120 Irrigation 41.940799 -97.250519
36657 273 120 Irrigation 41.941532 -97.277213
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
4835 303 120 Irrigation 41.941702 -97.260690

148708 318 120 Irrigation 41.942386 -97.261754
66268 420 120 Irrigation 41.947806 -97.283701
51642 170 121 Irrigation 41.948551 -97.265168
191370 217 121 Irrigation 41.971556 -97.271750
61756 219 121 Irrigation 41.980445 -97.293496
135599 237 121 Domestic 41.981634 -97.272934
132500 299 121 Domestic 41.982796 -97.270619
158604 361 121 Irrigation 42.000434 -97.273061
185869 168 122 Domestic 42.000972 -97.291306
157902 240 122 Domestic 42.001111 -97.266667
114843 416 123 Domestic 42.022706 -97.291585
101634 0 125 Domestic 42.033747 -97.299736
97144 187 125 Domestic 42.045192 -97.294007
99273 220 125 Domestic 42.045999 -97.280105
181300 240 125 Domestic 42.045861 -97.272306
115745 401 125 Domestic 42.048150 -97.290097
67358 165 127 Irrigation 42.052909 -97.293518
144633 225 127 Domestic 42.056944 -97.269722
105574 200 128 Domestic 42.061500 -97.296273
198661 368 128 Irrigation 42.065583 -97.266944
92389 172 130 Domestic 42.078118 -97.290497
178014 174 130 Domestic 42.082111 -97.274083
192743 234 130 Domestic 42.085000 -97.292222
110397 350 130 Domestic 42.088870 -97.291671
184917 378 130 Domestic 42.096938 -97.294359
165992 166 131 Domestic 42.101319 -97.303345
109058 200 131 Domestic 42.102367 -97.297766
103941 212 131 Domestic 42.107442 -97.269362
94559 300 131 Domestic 42.111128 -97.295300
114715 300 131 Domestic 42.115942 -97.269130
184911 195 132 Domestic 42.122469 -97.269830
99194 220 132 Domestic 42.137351 -97.291443
135479 312 132 Domestic 42.141981 -97.292664
123903 340 132 Domestic 42.159324 -97.308723
177508 163 133 Irrigation 42.202917 -97.306750
184864 220 133 Irrigation 42.203111 -97.310500
72475 314 133 Irrigation 42.204885 -97.292862
149371 382 133 Irrigation 42.210361 -97.295694
205206 200 134 Domestic 42.226917 -97.304922
109275 416 135 Irrigation 42.239163 -97.314970
64638 350 136 Irrigation 42.239129 -97.285749
147398 235 138 Irrigation 42.246417 -97.315194
102698 280 138 Irrigation 42.264366 -97.304827
147399 230 140 Irrigation 42.275333 -97.315250
136530 280 140 Domestic 42.278371 -97.304623
102718 288 140 Irrigation 42.282598 -97.305442
158990 300 140 Irrigation 42.286278 -97.320361
147401 318 140 Irrigation 42.300944 -97.291000
65554 320 140 Irrigation 42.304478 -97.305556
81366 356 140 Irrigation 42.326563 -97.315246
120160 392 140 Domestic 42.330855 -97.311164

Keystone Corridor Alternative

32



Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
165340 222 141 Irrigation 42.333556 -97.324944
173488 295 141 Domestic 42.335556 -97.300194
204052 270 142 Irrigation 42.341028 -97.334694
142215 285 142 Domestic 42.353940 -97.321726
114214 260 143 Irrigation 42.355016 -97.335219
38513 275 143 Irrigation 42.358899 -97.305425
66147 344 143 Irrigation 42.362603 -97.315174
95528 297 144 Irrigation 42.362851 -97.305848
77937 207 145 Irrigation 42.364386 -97.332267
65655 220 145 Irrigation 42.369871 -97.334679
79837 250 145 Irrigation 42.369726 -97.315092
81852 150 146 Irrigation 42.377213 -97.324977
60008 305 146 Irrigation 42.377026 -97.315186
157292 230 147 Domestic 42.388954 -97.328043
73869 220 148 Irrigation 42.397095 -97.332398
90800 248 150 Domestic 42.403291 -97.330565
70364 280 150 Irrigation 42.406061 -97.315291
109272 302 150 Irrigation 42.420635 -97.354325
199549 220 151 Irrigation 42.420496 -97.334912
71817 308 151 Irrigation 42.422448 -97.347010
37102 240 152 Irrigation 42.423452 -97.323237
93999 403 152 Domestic 42.425601 -97.332138
72097 185 154 Irrigation 42.426092 -97.332366
120759 310 155 Irrigation 42.427983 -97.325042
56451 320 157 Irrigation 42.433331 -97.322733
58529 371 157 Irrigation 42.436943 -97.351987
94950 360 158 Domestic 42.442433 -97.325365
62889 396 158 Irrigation 42.442466 -97.323446
59060 228 160 Irrigation 42.444256 -97.340660
160998 280 160 Irrigation 42.449528 -97.343278
60733 304 160 Irrigation 42.449711 -97.333254
115511 318 160 Irrigation 42.453318 -97.323425
177057 334 160 Irrigation 42.456872 -97.343169
109938 350 160 Irrigation 42.464275 -97.352848
62888 380 160 Irrigation 42.464172 -97.343054
74293 391 160 Irrigation 42.469702 -97.345506
43290 295 162 Irrigation 42.471475 -97.360011
57663 330 162 Irrigation 42.471520 -97.352777
175517 330 164 Irrigation 42.471280 -97.323550
158200 260 165 Irrigation 42.478583 -97.352889
124945 300 165 Irrigation 42.485959 -97.359400
38256 247 166 Irrigation 42.486042 -97.347639
131775 282 168 Irrigation 42.492814 -97.358407
184951 269 170 Irrigation 42.493392 -97.342878
193114 270 170 Irrigation 42.493269 -97.333100
80720 280 170 Irrigation 42.493241 -97.323384
59314 320 170 Irrigation 42.495093 -97.350142
60281 295 172 Irrigation 42.496993 -97.357563
186182 380 172 Irrigation 42.500457 -97.333101
71826 220 175 Irrigation 42.500432 -97.323609
177812 234 175 Irrigation 42.504524 -97.347968
110329 310 175 Irrigation 42.511626 -97.357017
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
194198 310 175 Irrigation 42.511523 -97.342922
58507 370 175 Irrigation 42.516808 -97.340794
176133 215 176 Irrigation 42.518933 -97.339178
75749 220 176 Irrigation 42.520402 -97.335871
117055 228 177 Domestic 42.524879 -97.330997
159289 275 178 Irrigation 42.529324 -97.357494
108213 280 179 Irrigation 42.531618 -97.321177
133831 345 179 Irrigation 42.539733 -97.351726
186181 230 180 Domestic 42.555007 -97.330648
40517 265 180 Irrigation 42.558409 -97.328659
67244 267 180 Irrigation 42.560220 -97.326186
111957 280 180 Irrigation 42.560737 -97.337882
180154 280 180 Irrigation 42.563928 -97.348459
59899 391 180 Irrigation 42.567580 -97.350763
177597 247 182 Domestic 42.568476 -97.336962
142522 331 182 Irrigation 42.570289 -97.342185
68219 358 182 Irrigation 42.571120 -97.321313
158578 260 183 Irrigation 42.571640 -97.320385
80650 282 183 Irrigation 42.573423 -97.323695
48725 340 183 Irrigation 42.574930 -97.333070
91201 243 184 Irrigation 42.582381 -97.326843
111228 300 184 Domestic 42.583528 -97.347306
149238 360 184 Domestic 42.584197 -97.330357
58508 329 185 Irrigation 42.585559 -97.345425
111640 346 186 Irrigation 42.587315 -97.343042
135097 230 187 Domestic 42.587863 -97.347657
142521 346 187 Irrigation 42.598064 -97.328429
206820 258 188 Irrigation 42.598100 -97.329333
198957 460 189 Irrigation 42.601862 -97.352678
119275 255 190 Domestic 42.604905 -97.350302
106593 282 190 Irrigation 42.605529 -97.333132
184663 294 190 Domestic 42.610889 -97.339111
156974 342 190 Irrigation 42.612952 -97.338098
191096 345 190 Irrigation 42.612925 -97.320961
76725 320 191 Irrigation 42.614461 -97.321048
151645 236 192 Irrigation 42.616260 -97.343271
75788 380 192 Irrigation 42.618129 -97.350538
120856 249 195 Domestic 42.618208 -97.353420
196471 273 195 Irrigation 42.625433 -97.347744
65421 400 196 Irrigation 42.625349 -97.335588
191540 300 197 Irrigation 42.638261 -97.352678
199190 286 198 Irrigation 42.638274 -97.343013
58001 314 200 Irrigation 42.643700 -97.325885
45162 355 200 Irrigation 42.645536 -97.323204
191767 440 200 Irrigation 42.663868 -97.337844
191766 274 202 Irrigation 42.663878 -97.334311
191768 295 202 Irrigation 42.663889 -97.330591
194152 260 203 Irrigation 42.670827 -97.332195
42974 280 205 Irrigation 42.692292 -97.342723
58642 291 205 Irrigation 42.694519 -97.335262
170387 260 208 Irrigation 42.695833 -97.357639
170386 239 210 Irrigation 42.695972 -97.357694
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Available Water Well Data within 1 Mile of the Keystone Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
50185 312 210 Irrigation 42.699296 -97.327923
43082 325 210 Irrigation 42.700779 -97.342764
4410 338 210 Irrigation 42.701410 -97.355036

119175 245 212 Domestic 42.702669 -97.335117
38582 260 215 Irrigation 42.703193 -97.352578
37854 470 215 Irrigation 42.704713 -97.325626
193031 247 219 Irrigation 42.706754 -97.326457
196257 369 220 Irrigation 42.716694 -97.360278
119176 325 221 Irrigation 42.761194 -97.343433
161407 300 225 Irrigation 42.764889 -97.341581
112590 312 225 Domestic 42.777383 -97.365726
134217 370 226 Irrigation 42.784008 -97.346148
99024 325 235 Domestic 42.785828 -97.347183
145516 405 235 Domestic 42.793415 -97.348652
119168 300 238 Domestic 42.796457 -97.366185
193818 347 245 Irrigation 42.801583 -97.362472
199230 360 248 Irrigation 42.801639 -97.364056
192679 340 253 Irrigation 42.801639 -97.362444
157003 340 254 Irrigation 42.814014 -97.349788
56841 314 255 Irrigation 42.831947 -97.389180
14513 320 255 Irrigation 42.834586 -97.380535
57560 346 255 Irrigation 42.835597 -97.398929
18527 380 256 Irrigation 42.835678 -97.362446
57225 400 256 Irrigation 42.841151 -97.401430
57632 390 260 Irrigation 42.842821 -97.379530
56728 320 263 Irrigation 42.842839 -97.369685
192403 400 269 Domestic 42.844782 -97.388064
28286 338 270 Irrigation 42.846803 -97.400498
56602 375 275 Irrigation 42.846432 -97.379512
121021 305 280 Irrigation 42.849032 -97.366709
44405 375 280 Irrigation 42.855505 -97.381599
44425 370 285 Irrigation 42.855485 -97.372190
56499 381 285 Irrigation 42.857323 -97.389094
122540 390 288 Irrigation 42.895789 -97.356899
92919 340 293 Irrigation 42.901409 -97.356963
117143 415 296 Irrigation 42.915310 -97.356743

Source: NE DNR, 2011. Available at: http://dnrdata.dnr.ne.gov/wellscs/Menu.aspx
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

70 7 Domestic T1S R30E S32 NWSW
55 10 Domestic T1S R30E S33
70 10 Domestic T1S R31E S35 E
52 11 Domestic T2S R31E S4 SE
40 12 Domestic T2S R30E S2 SE
80 12 Domestic T2S R30E S3
65 15 Domestic T2S R30E S3 SWNW
65 15 Domestic T1S R31E S27 SESW
70 15 Domestic T105N R79W S14 NW
24 16 Municipal T105N R79W S3
24 16 Domestic T105N R78W S14
70 16 Domestic T105N R78W S4 SE
80 16 Domestic T105N R78W S3 SE
80 18 Domestic T105N R78W S14 SENE
97 18 Domestic T105N R78W S9 NESW
55 19 Domestic T105N R77W S18
50 20 Domestic T105N R77W S7
52 20 Domestic T105N R77W S21
57 20 Domestic T105N R77W S12
125 20 Irrigation T105N R77W S13 NESW
66 21 Domestic T105N R77W S20
80 22 Domestic T105N R77W S12 SW
50 24 Municipal T105N R77W S10 SE
60 24 Municipal T105N R77W S10 SE
60 24 Municipal T105N R77W S10 SWSW
60 24 Municipal T105N R77W S15 NWNW
53 25 Municipal T105N R77W S15 NENW
86 25 Municipal T105N R77W S10
115 25 Municipal T105N R77W S15 NW
42 27 Municipal T105N R77W S15 NWNW
90 28 Municipal T105N R77W S10
104 31 Domestic T105N R77W S8 SESE
84 32 Domestic T105N R76W S7 SE
160 32 Domestic T105N R76W S18
59 34 Domestic T105N R76W S18
60 34 Domestic T105N R76W S8 SE
84 35 Domestic T105N R76W S8
85 35 Domestic T105N R76W S8
92 35 Domestic T105N R75W S7 SWSE
163 35 Stock T105N R75W S18 SWSE
118 36 Domestic T105N R75W S15 SE
118 36 Domestic T105N R75W S17 NW
124 38 Domestic T105N R75W S17 NWNW
98 40 Municipal T105N R75W S17 NENW

105 40 Domestic T105N R74W S20 SESE
122 40 Domestic T105N R74W S22 NESE
135 40 Domestic T105N R73W S27
180 40 Municipal T105N R73W S21 SWSW
615 40 Domestic T105N R74W S20 SW
93 41 Domestic T104N R73W S4
120 42 Domestic T104N R73W S4 NWNW
160 44 Domestic T104N R73W S2
88 45 Stock T104N R73W S2 NWSE
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

88 45 Domestic T104N R73W S12 NE
100 45 Domestic T104N R72W S22
100 45 Domestic T104N R72W S16 SESE
134 45 Stock T104N R72W S10 SWSE
149 45 Domestic T104N R72W S9 SWNE
182 45 Domestic T104N R72W S24 NENE
202 45 Domestic T104N R72W S9 NENW
101 47 Stock T104N R72W S3 SESW
79 48 Municipal T104N R71W S15
99 48 Municipal T104N R71W S15
120 48 Domestic T104N R71W S27 NE
110 49 Domestic T104N R71W S19 NWNW
100 50 Stock T104N R71W S29 NENE
100 50 Stock T104N R71W S22 NWNW
120 50 Domestic T104N R71W S18
135 50 Domestic T104N R71W S17
105 53 Domestic T103N R71W S1 NW
120 55 Domestic T104N R70W S35 NESE
120 55 Domestic T104N R70W S35 SWSE
122 55 Domestic T103N R70W S2 NWSE
85 58 Domestic T103N R70W S1 SWNW
55 59 Domestic T103N R70W S5 SESE
94 60 Domestic T103N R70W S3 NWSW
140 60 Domestic T104N R69W S34 SW
145 60 Domestic T104N R69W S31 SW
150 60 Domestic T104N R69W S31 SWNE
158 60 Domestic T103N R69W S11 NWNE
175 60 Domestic T103N R69W S1 NE
195 60 Stock T103N R69W S9 SENE
380 60 Domestic T103N R69W S3
121 61 Domestic T103N R69W S3 SWSE
178 62 Domestic T103N R69W S3 SESE
280 62 Domestic T103N R68W S13 NENW
100 63 Domestic T103N R68W S10 NWNE
24 65 Municipal T103N R68W S3
97 65 Municipal T103N R68W S3
100 65 Domestic T103N R68W S13 NENE
130 65 Domestic T103N R68W S9 NENW
132 65 Domestic T103N R67W S8 NE
140 65 Domestic T103N R67W S11 SESE
150 65 Domestic T103N R67W S5 NESE
200 65 Domestic T103N R67W S5
245 68 Domestic T103N R67W S5 SW
170 69 Domestic T103N R67W S15
105 70 Domestic T103N R67W S18
120 70 Domestic T103N R67W S15
121 70 Domestic T103N R67W S13 NENW
150 72 Domestic T103N R67W S10 SWSW
360 73 Domestic T103N R66W S17 NENW
97 75 Domestic T103N R66W S11
160 75 Stock T103N R66W S17 SE
365 75 Stock T103N R66W S18 NWNW
101 80 Domestic T103N R66W S17 SWSW
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

135 80 Domestic T103N R66W S9 SE
140 80 Domestic T103N R66W S18
140 80 Domestic T103N R66W S9
168 80 Domestic T103N R66W S25 NWNW
185 80 Domestic T103N R66W S14 NW
190 80 Domestic T103N R66W S23 NWNE
200 80 Municipal T103N R66W S14
212 80 Domestic T103N R66W S11 SW
140 84 Municipal T103N R66W S14
180 84 Municipal T103N R66W S14
150 85 Municipal T103N R66W S14
231 86 Domestic T103N R66W S14 NW
140 87 Domestic T103N R66W S14 NW
100 90 Domestic T103N R65W S16 NESW
100 90 Domestic T103N R65W S25 NENE
135 90 Domestic T103N R65W S25
230 90 Domestic T103N R65W S23 NENE
180 95 Domestic T103N R65W S29 SWNW
203 95 Stock T103N R65W S27 SENE
100 96 Domestic T103N R65W S29 NWNW
117 97 Domestic T103N R65W S21 NESW
260 98 Stock T103N R65W S22 SENW
118 100 Domestic T103N R65W S21 SENE
118 100 Domestic T103N R65W S21 SENE
135 100 Domestic T103N R64W S15 SENW
170 100 Domestic T103N R64W S23 NWSW
102 102 Domestic T103N R64W S16 SWSW
105 102 Stock T103N R64W S23 NESW
110 105 Domestic T103N R64W S29
185 105 Domestic T103N R64W S19
162 110 Domestic T103N R64W S27 NWNE
190 112 Domestic T103N R64W S29 NENW
138 115 Municipal T103N R64W S22 NE
120 120 Municipal T103N R64W S22
200 120 Municipal T103N R64W S22
220 120 Stock T103N R64W S18 NWSE
260 120 Stock T103N R64W S21 SESE
300 120 Domestic T103N R64W S27
135 122 Domestic T103N R63W S22 SESE
235 122 Stock T103N R63W S19 SESW
340 122 Domestic T103N R63W S35
214 125 Domestic T103N R63W S21
203 126 Domestic T103N R63W S30N
205 131 Domestic T103N R63W S30N
225 135 Domestic T103N R63W S20 NWSE
170 140 Domestic T103N R63W S28 SW
270 140 Domestic T103N R62W S30 SWNE
280 140 Domestic T103N R62W S22
189 147 Domestic T103N R62W S19 SESE
200 150 Domestic T103N R62W S19 NWSE
220 150 Domestic T103N R62W S28 NWSW
276 153 Domestic T103N R62W S28 NWNW
163 155 Domestic T103N R62W S34 NENE
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

178 155 Domestic T103N R62W S34 NENE
220 158 Domestic T103N R62W S35
320 158 Domestic T103N R62W S29 NESW
210 162 Domestic T103N R62W S26 NWNW
240 162 Domestic T103N R62W S22 SESE
200 168 Domestic T103N R62W S27 SW
310 173 Domestic T103N R62W S35 SE
200 180 Domestic T103N R62W S27 NENW
300 180 Domestic T103N R62W S21
308 180 Domestic T103N R62W S22 SESE
320 180 Domestic T103N R61W S23
790 188 Domestic T103N R61W S23 SESE
320 198 Domestic T103N R61W S23 SESE
220 201 Domestic T103N R61W S24 SESW
310 217 Domestic T103N R61W S24 SESW
395 277 Domestic T103N R61W S24 SESW
300 280 Domestic T103N R61W S24 SESW
480 280 Domestic T103N R61W S24 NESW
280 283 Domestic T103N R61W S24 NESE
320 289 Domestic T103N R61W S27
320 305 Domestic T103N R61W S27 NENW
130 Artesian Domestic T103N R61W S22 NENE
218 Artesian Domestic T103N R61W S19 NESE
260 Artesian Domestic T103N R61W S23
265 Artesian Domestic T103N R61W S25 NESW
270 Artesian Domestic T103N R61W S25 NENW
272 Artesian Stock T103N R61W S30 NENE
300 Artesian Domestic T103N R61W S21
340 Artesian Domestic T103N R61W S22 SWSW
350 Artesian Domestic T103N R61W S28 SESE
483 Artesian Domestic T103N R61W S23 SWNW
538 Artesian Domestic T103N R61W S23
541 Artesian Domestic T103N R61W S28 NWNW
548 Artesian Domestic T103N R61W S21 SWSW
586 Artesian Domestic T103N R61W S25 NENE
590 Artesian Irrigation T103N R60W S24 SW
595 Artesian Domestic T103N R60W S30
595 Artesian Domestic T103N R60W S19 SESE
615 Artesian Domestic T103N R60W S22 SWSW
615 Artesian Domestic T103N R60W S21
615 Artesian Domestic T103N R60W S25 SE
619 Artesian Domestic T103N R60W S32 SWNW
620 Artesian Irrigation T103N R60W S24 SW
630 Artesian Domestic T103N R60W S27
630 Artesian Domestic T103N R60W S21
636 Artesian Domestic T103N R60W S23
640 Artesian Domestic T103N R60W S23
648 Artesian Domestic T103N R59W S31 SESW
660 Artesian Domestic T103N R60W S24
660 Artesian Domestic T103N R60W S23
678 Artesian Domestic T103N R60W S24 SESW
697 Artesian Irrigation T103N R60W S28 SENE
697 Artesian Domestic T103N R60W S34 SE
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

715 Artesian Municipal T103N R60W S22
716 Artesian Municipal T103N R60W S24
720 Artesian Domestic T103N R60W S23 SE
760 Artesian Domestic T103N R60W S21
760 Artesian Stock T103N R60W S29 NENW
760 Artesian Domestic T103N R60W S21
782 Artesian Domestic T103N R60W S21
785 Artesian Domestic T103N R60W S33 SESE
796 Artesian Domestic T103N R60W S26 SW
797 Artesian Domestic T103N R60W S29
800 Artesian Irrigation T103N R60W S27 NWSW
800 Artesian Irrigation T103N R60W S27 NWSW
800 Artesian Domestic T103N R60W S22
810 Artesian Domestic T103N R60W S30 SE
830 Artesian Domestic T103N R60W S30 SENW
830 Artesian Domestic T103N R60W S33
840 Artesian Domestic T103N R60W S31 NWSW
840 Artesian Domestic T103N R59W S33 NENE
860 Artesian Domestic T103N R59W S20 NWSW
860 Artesian Domestic T103N R59W S19 SWSW
860 Artesian Domestic T103N R59W S20 SESW
860 Artesian Domestic T103N R59W S27 SW
860 Artesian Domestic T103N R59W S30 NENW
860 Artesian Domestic T103N R59W S19 SENW
863 Artesian Domestic T103N R59W S35 NWNW
865 Artesian Domestic T103N R59W S19
869 Artesian Domestic T103N R59W S33 SW
873 Artesian Domestic T102N R59W S1 NW
880 Artesian Domestic T102N R58W S9 NESE
880 Artesian Domestic T102N R58W S10 NW
885 Artesian Domestic T102N R57W S25 NENE
895 Artesian Domestic T101N R56W S33 NWNE
900 Artesian Domestic T101N R56W S33 SW
900 Artesian Domestic T101N R56W S29 NE
907 Artesian Domestic T101N R56W S33 NENW
910 Artesian Domestic T100N R57W S10 SENW
910 Artesian Domestic T100N R57W S25 SENE
910 Artesian Domestic T99N R57W S24 SWSW
917 Artesian Domestic T99N R57W S14 SENE
920 Artesian Domestic T99N R57W S13 SWSW
920 Artesian Domestic T99N R57W S36 NENE
920 Artesian Domestic T99N R57W S1 NWNW
920 Artesian Domestic T99N R57W S12 NESE
924 Artesian Domestic T99N R57W S24 SESE
930 Artesian Domestic T98N R56W S34 NWSW
940 Artesian Domestic T98N R56W S18 NESE
940 Artesian Domestic T98N R56W S21 NWNE
940 Artesian Domestic T98N R56W S6 NE
940 Artesian Domestic T98N R56W S5
960 Artesian Domestic T97N R56W S4 NWNW
960 Artesian Domestic T97N R56W S34 NENE
960 Artesian Domestic T97N R56W S15 SW SW
960 Artesian Irrigation T97N R56W S33 SW SE
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

970 Artesian Domestic T97N R56W S10 NENW
970 Artesian Domestic T96N R56W S15 SENW
976 Artesian Domestic T96N R56W S26 SWSW
983 Artesian Irrigation T95N R55W S19 SWSW
993 Artesian Domestic T95N R56W S1 NESE
1000 Artesian Domestic T95N R56W S12 NENE
1010 Artesian Domestic T95N R56W S36 SE
1020 Artesian Domestic T95N R56W S25
1025 Artesian Domestic T95N R56W S11 SWNE
1050 Artesian Domestic T95N R56W S11 SWNE
1060 Artesian Domestic T95N R56W S23 SE
1065 Artesian Domestic T94N R56W S1 SESE
1068 Artesian Domestic T94N R56W S11 NENE
1080 Artesian Irrigation T94N R56W S13 SWSE
1100 Artesian Domestic T94N R56W S1 SWSW
1146 Artesian Domestic T94N R55W S1 SENE
1160 Artesian Domestic T94N R55W S8 NWNW
1164 Artesian Domestic T94N R55W S17 SWNW
1165 Artesian Domestic T94N R56W S17 SWNW
1193 Artesian Domestic T94N R55W S7 NENE
1200 Artesian Irrigation T94N R55W S31 NE
1215 Artesian Irrigation T94N R55W S32 NWNW
1230 Artesian Domestic T94N R55W S29 SWNE
1240 Artesian Domestic T94N R55W S32 NWNW
1254 Artesian Irrigation T94N R55W S6 NWSE
1280 Artesian Irrigation T94N R55W S32 NWSW
1280 Artesian Irrigation T94N R55W S19 NESW
1301 Artesian Irrigation T94N R55W S19 NWNW
1310 Artesian Domestic T94N R55W S19 NE
1320 Artesian Domestic T94N R55W S18 NENW
1335 Artesian Domestic T94N R55W S19
1396 Artesian Irrigation T94N R55W S7 NENW
1402 Artesian Domestic T94N R55W S18 SWNW
1432 Artesian Irrigation T94N R55W S29 NENW
1435 Artesian Domestic T93N R56W S13
1437 Artesian Municipal T93N R56W S13 NE
1440 Artesian Domestic T93N R56W S13
1442 Artesian Domestic T93N R56W S13
1447 Artesian Domestic T93N R56W S13
1460 Artesian Irrigation T93N R55W S6 SWSE
1467 Artesian Irrigation T93N R55W S6 SWSE
1480 Artesian Domestic T93N R55W S18 SESE
1483 Artesian Domestic T93N R55W S18
1488 Artesian Domestic T93N R55W S18
1490 Artesian Domestic T93N R55W S18
1490 Artesian Domestic T93N R55W S18
1492 Artesian Domestic T93N R55W S18 NWSW
1503 Artesian Irrigation T93N R55W S6 NESE
1508 Artesian Irrigation T93N R55W S6 SESE
1513 Artesian Irrigation T93N R55W S18 NENW
1525 Artesian Irrigation T93N R55W S4 NWSW
1530 Artesian Irrigation T93N R55W S17 NWNE
1585 Artesian Irrigation T93N R55W S9
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in South Dakota
Total Well Depth (Feet) Static Water Level (Feet) Use Township, Range, Section, Quarter

1610 Artesian Domestic T93N R55W S7 SESE
1629 Artesian Irrigation T93N R55W S8 SESE
1671 Artesian Domestic T93N R55W S5 SWSW
1682 Artesian Domestic T93N R55W S7
1695 Artesian Domestic T93N R55W S9
1780 Artesian Domestic T93N R55W S18 SESE
1825 Artesian Domestic T93N R55W S6
1870 Artesian Domestic T93N R55W S8 SWNE
1936 Artesian Irrigation T93N R55W S18 NWNW
1936 Artesian Municipal T93N R55W S7
1970 Artesian Municipal T93N R55W S18 SWNE
2005 Artesian Municipal T93N R55W S18 SESW
2265 Artesian Municipal T93N R55W S18 SWNE
2350 Artesian Domestic T93N R55W S8
2460 Artesian Domestic T94N R55W S17 SWNW
2530 Artesian Irrigation T94N R55W S17 NWSW

Source: SD DENR, 2011. Available at: http://denr.sd.gov/des/wr/dblogsearch.aspx
Note: Artesian well designation was based on interpretation of available well log data.
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
108525 0 0 Domestic 40.070191 -97.010048
161895 0 0 Irrigation 40.070806 -96.997194
191288 0 0 Irrigation 40.077250 -97.000583
172943 0 0 Irrigation 40.077389 -97.004000
158418 0 0 Irrigation 40.078250 -96.992417
156914 0 0 Irrigation 40.078583 -96.989944
179902 0 0 Irrigation 40.078667 -96.987444
63011 0 0 Irrigation 40.079327 -96.994424
176426 0 0 Irrigation 40.081972 -96.999056
37722 0 0 Irrigation 40.085028 -97.006483
59869 0 0 Irrigation 40.091828 -96.996587
176302 0 0 Irrigation 40.098917 -96.983333
179903 0 0 Irrigation 40.099972 -96.985944
25152 0 0 Irrigation 40.106398 -97.015605
147490 0 0 Irrigation 40.111722 -97.019972
67541 0 0 Irrigation 40.111826 -97.017782
67346 0 0 Irrigation 40.113659 -97.015385
165913 0 0 Domestic 40.131139 -97.003697
193382 0 0 Irrigation 40.139000 -97.020139
23906 0 0 Irrigation 40.144564 -97.022595
203691 0 0 Irrigation 40.146250 -97.020111
138505 0 0 Irrigation 40.146255 -96.998347
72507 0 0 Irrigation 40.148133 -97.022604
80857 0 0 Irrigation 40.149903 -97.015475
45306 0 0 Irrigation 40.149938 -96.996507
123879 0 0 Irrigation 40.157217 -97.024845
19905 0 0 Irrigation 40.157570 -97.005937
55702 0 0 Irrigation 40.162662 -97.022663
46733 0 0 Irrigation 40.164542 -97.006136
5206 0 0 Irrigation 40.164572 -96.996717

69271 0 0 Irrigation 40.170015 -96.994359
106294 0 0 Irrigation 40.171711 -97.025042
106959 0 0 Irrigation 40.171725 -97.004072
80225 0 0 Irrigation 40.175462 -97.005903
69131 0 0 Irrigation 40.177203 -97.027428
52222 0 0 Irrigation 40.179571 -97.001162
197990 0 0 Irrigation 40.181222 -97.015778
167336 0 0 Irrigation 40.185778 -97.010778
10300 0 0 Irrigation 40.186280 -97.015700
56279 0 0 Irrigation 40.191756 -97.008669
164198 0 0 Irrigation 40.193083 -97.015000
109935 0 0 Irrigation 40.193666 -96.996975
42866 0 0 Irrigation 40.197806 -97.006277
128772 0 0 Irrigation 40.201760 -97.004293
164197 0 0 Irrigation 40.204417 -97.015306
109934 0 0 Irrigation 40.204290 -97.000082
126561 0 0 Domestic 40.205460 -97.010827
82239 0 0 Irrigation 40.208020 -97.024709
183134 0 0 Irrigation 40.208167 -97.015917
148880 0 0 Irrigation 40.215361 -97.034139
161541 8 0 Irrigation 40.216886 -97.004250
65005 45 0 Irrigation 40.229830 -97.006418

I-90 Corridor Alternative

8



Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
63923 72 0 Irrigation 40.235276 -97.023013
39398 75 0 Irrigation 40.237087 -97.006426
63922 78 0 Irrigation 40.238899 -97.031448
136914 78 0 Irrigation 40.241194 -97.027944
111664 105 0 Domestic 40.265845 -97.028631
55998 107 0 Irrigation 40.267921 -97.045576
71866 118 0 Irrigation 40.271558 -97.036167
139360 120 0 Irrigation 40.273528 -97.043167
36258 120 0 Irrigation 40.275873 -97.038561
151827 120 0 Domestic 40.277083 -97.036500
75173 120 0 Irrigation 40.278783 -97.031508
36827 120 0 Irrigation 40.280522 -97.025912
36094 120 0 Irrigation 40.284136 -97.029235
147552 160 0 Irrigation 40.287056 -97.041583

4438 180 0 Irrigation 40.287858 -97.024385
28504 190 0 Irrigation 40.293997 -97.038073
193812 197 0 Irrigation 40.295000 -97.024611
181792 260 0 Irrigation 40.295278 -97.033861
86284 308 0 Irrigation 40.295009 -97.015372
78243 35 4 Irrigation 40.296994 -97.045680
74102 40 4 Irrigation 40.302419 -97.043325
35761 40 4 Irrigation 40.302452 -97.036085
86379 57 4 Irrigation 40.302338 -97.015439
116921 20 5 Domestic 40.306535 -97.026768
122984 31 5 Domestic 40.306718 -97.020203
143398 82 5 Domestic 40.306848 -97.025066
97025 98 5 Domestic 40.308280 -97.030214
101591 377 5 Domestic 40.308280 -97.028421
10811 17 6 Irrigation 40.309686 -97.045358
153255 40 6 Irrigation 40.309647 -97.033802
82683 44 6 Irrigation 40.309752 -97.015450
33712 53 6 Irrigation 40.315228 -97.024490
135904 59 6 Irrigation 40.316965 -97.043203
121797 72 6 Irrigation 40.316937 -97.033890
131571 78 6 Irrigation 40.316889 -97.015437

4490 84 6 Irrigation 40.324143 -97.052634
65615 85 6 Irrigation 40.324184 -97.033894
56956 86 6 Irrigation 40.331403 -97.043360
43595 100 6 Irrigation 40.331343 -97.034341
125630 13 7 Domestic 40.331893 -97.027720
40370 64 7 Irrigation 40.331873 -97.025568
11853 72 7 Irrigation 40.338611 -97.052839
179327 77 7 Irrigation 40.338083 -97.026667
155304 80 7 Irrigation 40.338750 -97.043389
71807 81 7 Irrigation 40.338776 -97.033887
74248 88 7 Irrigation 40.344199 -97.022623
79435 100 7 Irrigation 40.345920 -97.043294
3839 32 8 Irrigation 40.346023 -97.033885

70288 36 8 Irrigation 40.353208 -97.041611
99309 39 8 Irrigation 40.353222 -97.022522
34796 43 8 Irrigation 40.354104 -97.024533
54735 50 8 Irrigation 40.355027 -97.048669
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
40064 55 8 Irrigation 40.358660 -97.024819
37224 60 8 Irrigation 40.360378 -97.056825
195649 65 8 Irrigation 40.360388 -97.022505
36514 81 8 Irrigation 40.365587 -97.025278
46586 88 8 Irrigation 40.367579 -97.032179
3662 95 8 Irrigation 40.369525 -97.058251

206005 95 8 Domestic 40.371889 -97.020722
76127 97 8 Irrigation 40.373028 -97.034576
88484 100 8 Irrigation 40.374002 -97.039016
115681 104 8 Irrigation 40.375022 -97.041690
24995 125 8 Irrigation 40.375317 -97.051168
37294 43 9 Irrigation 40.378584 -97.039190
47529 60 9 Irrigation 40.378620 -97.022724
39335 61 9 Irrigation 40.378874 -97.025129
11415 61 9 Irrigation 40.380481 -97.053543
80243 64 9 Irrigation 40.381412 -97.051818
37295 64 9 Irrigation 40.385850 -97.041755
24229 65 9 Irrigation 40.385803 -97.039888
179631 70 9 Irrigation 40.385872 -97.033455
45575 72 9 Irrigation 40.385871 -97.027422
82644 80 9 Irrigation 40.389111 -97.061058
69917 80 9 Irrigation 40.391345 -97.048776
88314 87 9 Irrigation 40.393910 -97.044248
10388 95 9 Irrigation 40.394876 -97.044072
35775 95 9 Irrigation 40.400202 -97.070054
63219 97 9 Irrigation 40.400321 -97.041661
196812 100 9 Irrigation 40.400522 -97.036814
86591 104 9 Irrigation 40.402135 -97.050351
53705 115 9 Irrigation 40.402843 -97.044605
112678 120 9 Irrigation 40.407485 -97.070774
80327 0 10 Irrigation 40.411232 -97.070091
162194 25 10 Irrigation 40.411167 -97.060667
132842 42 10 Irrigation 40.411219 -97.051147
161501 67 10 Irrigation 40.411778 -97.065250
36759 70 10 Irrigation 40.419147 -97.074856
162595 80 10 Domestic 40.421778 -97.041056
56102 80 10 Irrigation 40.423916 -97.063009
136697 97 10 Irrigation 40.429228 -97.070058
166861 99 10 Irrigation 40.429646 -97.061056
96928 115 10 Irrigation 40.431953 -97.060333
78571 141 10 Irrigation 40.433470 -97.075472
6666 0 11 Irrigation 40.434829 -97.043943

28626 25 11 Irrigation 40.440204 -97.049165
202294 30 11 Irrigation 40.440556 -97.062556
30300 60 11 Irrigation 40.443822 -97.060250
31373 60 11 Irrigation 40.451018 -97.065352
30189 80 11 Irrigation 40.465575 -97.041281
32558 113 11 Irrigation 40.466930 -97.039776
94104 48 12 Irrigation 40.467592 -97.046249
33233 52 12 Irrigation 40.469390 -97.046311
32488 53 12 Irrigation 40.472094 -97.046306
186588 53 12 Domestic 40.492306 -97.070194
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
39830 66 12 Irrigation 40.496532 -97.041968
190185 70 12 Irrigation 40.496953 -97.051823
40712 79 12 Irrigation 40.498307 -97.044139
32011 100 12 Irrigation 40.498600 -97.049535
33622 133 12 Irrigation 40.498870 -97.040943
47389 160 12 Irrigation 40.502078 -97.050641
47388 33 13 Irrigation 40.505580 -97.051119
100548 49 13 Irrigation 40.507276 -97.046726
127151 50 13 Domestic 40.524603 -97.078974
183618 52 13 Domestic 40.524583 -97.072000
195173 55 13 Domestic 40.526361 -97.071989
195175 56 13 Domestic 40.527111 -97.071806
198677 60 13 Domestic 40.527222 -97.073056
111683 84 13 Domestic 40.529219 -97.101089
198678 50 14 Domestic 40.570861 -97.086944
181141 48 14 Irrigation 40.585512 -97.079367
32971 62 14 Irrigation 40.588277 -97.101779
183881 65 14 Irrigation 40.588829 -97.108573
99506 74 14 Irrigation 40.592725 -97.098454
32240 74 14 Irrigation 40.592703 -97.079585
28765 78 14 Irrigation 40.596438 -97.107723
58790 88 14 Irrigation 40.598107 -97.081816
12779 98 14 Irrigation 40.602580 -97.081486
126177 105 14 Irrigation 40.603442 -97.084325
190812 39 15 Irrigation 40.607276 -97.098446
182183 40 15 Irrigation 40.609192 -97.090625
126214 49 15 Irrigation 40.610653 -97.107955
138914 52 15 Irrigation 40.610673 -97.079256
53731 72 15 Irrigation 40.614522 -97.098368
30139 80 15 Irrigation 40.614939 -97.086585
64081 80 15 Irrigation 40.616232 -97.081716
53704 84 15 Irrigation 40.618287 -97.109372
95475 85 15 Irrigation 40.621702 -97.088829
27156 85 15 Irrigation 40.622668 -97.102240
3709 100 15 Irrigation 40.623478 -97.081830

30119 110 15 Irrigation 40.624006 -97.098520
167152 136 15 Irrigation 40.625264 -97.108776
12576 160 15 Irrigation 40.627212 -97.105331
30673 65 16 Irrigation 40.626983 -97.088852
203862 70 16 Irrigation 40.628986 -97.088801

3769 70 16 Irrigation 40.630839 -97.100781
28746 72 16 Irrigation 40.634508 -97.110378
30469 80 16 Irrigation 40.633868 -97.080492
95188 84 16 Irrigation 40.636281 -97.107903
98924 86 16 Irrigation 40.636173 -97.098535
67143 87 16 Irrigation 40.638131 -97.110326
140921 90 16 Irrigation 40.643625 -97.089074
33353 99 16 Irrigation 40.643686 -97.079452
13474 41 17 Irrigation 40.646969 -97.103351
79510 52 17 Irrigation 40.646877 -97.097981
63316 95 17 Irrigation 40.648885 -97.105551
11438 97 17 Irrigation 40.648851 -97.096078
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
1932 101 17 Irrigation 40.648813 -97.081963

63867 124 17 Irrigation 40.650666 -97.098449
63866 125 17 Irrigation 40.652481 -97.100819
3449 26 18 Irrigation 40.656123 -97.105555

11665 35 18 Irrigation 40.655957 -97.077185
82882 50 18 Irrigation 40.657838 -97.088927
15695 53 18 Irrigation 40.658152 -97.086333
15696 65 18 Irrigation 40.658844 -97.111071

222 80 18 Irrigation 40.659800 -97.115073
151251 120 18 Irrigation 40.659540 -97.098366
128657 138 18 Domestic 40.661431 -97.083747
98710 44 19 Domestic 40.664530 -97.083305
66658 50 19 Irrigation 40.665195 -97.107940
96674 105 19 Irrigation 40.665187 -97.088840
66657 120 19 Irrigation 40.666938 -97.096090
164538 125 19 Domestic 40.669229 -97.093611
112533 187 19 Domestic 40.669718 -97.104363

3378 50 20 Irrigation 40.670642 -97.110336
183607 63 20 Irrigation 40.671241 -97.098878
122263 71 20 Domestic 40.671498 -97.082772
48720 118 20 Irrigation 40.672229 -97.079525
1548 125 20 Irrigation 40.677716 -97.077155
2073 43 21 Irrigation 40.679510 -97.089089
6442 100 21 Irrigation 40.680072 -97.098608

146040 123 21 Domestic 40.681389 -97.107250
29009 125 21 Irrigation 40.683394 -97.112807
85065 36 22 Irrigation 40.683311 -97.093706
191311 40 22 Irrigation 40.684903 -97.108144

2845 42 22 Irrigation 40.684999 -97.096173
19299 55 22 Irrigation 40.685129 -97.099708
72639 65 22 Irrigation 40.695712 -97.107698
105103 87 22 Domestic 40.698057 -97.103924
151077 88 22 Domestic 40.708500 -97.113972
17524 100 22 Irrigation 40.716294 -97.096919
133168 100 22 Irrigation 40.718440 -97.098696
35851 108 22 Irrigation 40.718834 -97.092254
5250 119 22 Irrigation 40.723414 -97.095478

99212 91 23 Domestic 40.724331 -97.126473
49074 105 23 Irrigation 40.723853 -97.099483
32127 109 23 Irrigation 40.726917 -97.105603
45260 114 23 Irrigation 40.727138 -97.103077
186033 57 24 Domestic 40.727861 -97.121000
129775 76 24 Domestic 40.727823 -97.113635
81299 80 24 Irrigation 40.730319 -97.100176
5476 91 24 Irrigation 40.730823 -97.106380
4652 95 24 Irrigation 40.732708 -97.113517

54545 55 25 Irrigation 40.732610 -97.103991
40983 60 25 Irrigation 40.734464 -97.116150
36708 69 25 Irrigation 40.734427 -97.112578
21500 76 25 Irrigation 40.737255 -97.106354
104588 80 25 Domestic 40.737977 -97.121521
85303 115 25 Irrigation 40.739364 -97.115990
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
86634 120 25 Irrigation 40.740590 -97.116800
36042 125 25 Irrigation 40.740961 -97.120885
3731 136 25 Irrigation 40.741578 -97.121847

113687 157 25 Domestic 40.742105 -97.139131
150826 165 25 Domestic 40.742444 -97.142222
33171 100 26 Irrigation 40.743595 -97.122805
95919 108 26 Irrigation 40.747391 -97.130057
3305 140 26 Irrigation 40.747490 -97.123925

35599 140 26 Irrigation 40.747834 -97.112965
53610 144 26 Irrigation 40.750223 -97.130238
35620 47 27 Irrigation 40.751894 -97.130021
46186 50 27 Irrigation 40.753076 -97.156915
4452 72 27 Irrigation 40.752653 -97.125356

172070 80 27 Domestic 40.753387 -97.118941
33872 100 27 Irrigation 40.753991 -97.132736
30060 110 27 Irrigation 40.754000 -97.130227
59893 110 27 Irrigation 40.758856 -97.118428
161925 135 27 Irrigation 40.760025 -97.134890
12252 84 28 Irrigation 40.761853 -97.125413
41004 104 28 Irrigation 40.763676 -97.144480
163511 122 28 Domestic 40.765611 -97.159694
99007 122 28 Irrigation 40.767353 -97.144397
21819 168 28 Irrigation 40.767245 -97.125274
65678 170 28 Irrigation 40.769093 -97.137261
33736 220 28 Irrigation 40.769436 -97.133703
40907 114 29 Irrigation 40.770237 -97.148069
49538 120 29 Irrigation 40.774793 -97.151499
49537 168 29 Irrigation 40.774679 -97.144319
184697 60 30 Irrigation 40.774528 -97.134972
33950 87 30 Irrigation 40.778475 -97.130226
38228 89 30 Irrigation 40.781791 -97.151856
19751 100 30 Irrigation 40.781795 -97.149084
138011 104 30 Irrigation 40.781857 -97.144479
38383 110 30 Irrigation 40.781809 -97.139674
37110 113 30 Irrigation 40.781922 -97.134958
81990 120 30 Irrigation 40.783596 -97.161055
49753 122 30 Irrigation 40.785326 -97.161588
29110 130 30 Irrigation 40.785492 -97.136008
4650 145 30 Irrigation 40.787220 -97.156328

160848 150 30 Domestic 40.787500 -97.151889
83302 65 31 Irrigation 40.789309 -97.163466
8636 85 31 Irrigation 40.789049 -97.144409

37815 118 31 Irrigation 40.792852 -97.135956
30610 148 31 Irrigation 40.796419 -97.156418
30046 271 31 Irrigation 40.796328 -97.143973
34081 90 32 Irrigation 40.796397 -97.139674
156806 94 32 Irrigation 40.796278 -97.130528
122057 123 32 Domestic 40.797867 -97.139994
70873 134 32 Irrigation 40.798104 -97.146788
37850 246 32 Irrigation 40.800071 -97.156995
144486 115 33 Irrigation 40.803750 -97.163694
49376 118 33 Irrigation 40.803384 -97.144527
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
30061 100 34 Irrigation 40.804198 -97.141438
146861 120 34 Irrigation 40.807180 -97.134825
36207 120 34 Irrigation 40.808915 -97.154568
197424 149 34 Irrigation 40.811139 -97.163667

4612 105 35 Irrigation 40.816318 -97.151546
68707 129 35 Irrigation 40.816318 -97.151546
154503 130 35 Irrigation 40.818194 -97.144250
77430 136 35 Irrigation 40.818099 -97.135455
151253 265 35 Irrigation 40.818194 -97.135028
76305 82 37 Irrigation 40.819962 -97.166117
45261 84 37 Irrigation 40.824531 -97.149121
154502 129 37 Irrigation 40.825972 -97.139472
74001 78 38 Irrigation 40.827188 -97.151539
41958 82 38 Irrigation 40.830893 -97.166131
155694 94 38 Irrigation 40.832587 -97.144299
45043 132 38 Irrigation 40.838240 -97.152284
14115 140 38 Irrigation 40.840260 -97.154133
190511 158 38 Irrigation 40.840167 -97.144194
196305 79 39 Irrigation 40.842333 -97.165278
43310 88 39 Irrigation 40.842159 -97.148317
109894 120 39 Irrigation 40.843634 -97.144336
67884 85 40 Irrigation 40.845437 -97.161161
74501 92 40 Irrigation 40.845972 -97.166603
196765 97 40 Irrigation 40.847204 -97.153998
63001 100 40 Irrigation 40.848891 -97.137844
124862 100 40 Domestic 40.850732 -97.159012
72057 120 40 Irrigation 40.850743 -97.144296
81260 124 40 Irrigation 40.854640 -97.164532
81156 130 40 Irrigation 40.854450 -97.153819
30887 141 40 Irrigation 40.855464 -97.174224
66350 160 40 Irrigation 40.855423 -97.168332
38869 166 40 Irrigation 40.857946 -97.144038
55148 171 40 Irrigation 40.859917 -97.146639
16644 180 40 Irrigation 40.860926 -97.148988
34091 250 40 Irrigation 40.861832 -97.173016
99332 405 40 Irrigation 40.861832 -97.163398
29880 106 41 Irrigation 40.862669 -97.153880
14116 101 42 Irrigation 40.869148 -97.173886
99333 117 42 Irrigation 40.869011 -97.163397
61706 119 42 Irrigation 40.869037 -97.153792
40724 130 42 Irrigation 40.870410 -97.148984
156128 140 42 Irrigation 40.870333 -97.143472
117141 127 43 Domestic 40.871220 -97.144546
30693 130 43 Irrigation 40.874438 -97.156170
156129 184 43 Irrigation 40.874253 -97.139717
103060 80 44 Irrigation 40.876120 -97.163550
144870 166 44 Irrigation 40.876306 -97.144389
41316 230 44 Irrigation 40.879606 -97.158497
9145 70 45 Irrigation 40.881657 -97.146592

32025 70 45 Irrigation 40.881639 -97.137558
69267 73 45 Irrigation 40.883504 -97.172826
32024 85 45 Irrigation 40.882607 -97.135810
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
35800 90 45 Irrigation 40.883478 -97.161800
128086 102 45 Domestic 40.883995 -97.134611

9149 120 45 Irrigation 40.885308 -97.156125
9143 137 45 Irrigation 40.885295 -97.151351

27535 58 46 Irrigation 40.886039 -97.140678
38176 70 46 Irrigation 40.887076 -97.160484
175491 79 46 Domestic 40.887278 -97.144639

9147 87 46 Irrigation 40.888361 -97.147017
9148 144 46 Irrigation 40.888453 -97.149039

17196 150 46 Irrigation 40.889371 -97.128763
59683 150 46 Irrigation 40.890453 -97.152514
41314 85 47 Irrigation 40.890720 -97.160248
41315 97 47 Irrigation 40.891207 -97.158362
180175 130 47 Irrigation 40.894778 -97.143889
29702 143 47 Irrigation 40.896773 -97.135733
180167 104 48 Irrigation 40.898111 -97.144056
18159 210 48 Irrigation 40.898741 -97.137711
34486 85 49 Irrigation 40.900245 -97.156858
34485 110 49 Irrigation 40.900519 -97.156168
153363 138 49 Domestic 40.901232 -97.159163
134245 75 50 Domestic 40.901057 -97.135173
95443 134 50 Domestic 40.901980 -97.155457
124820 160 50 Irrigation 40.901864 -97.139269
178930 200 50 Domestic 40.902553 -97.149911
153362 80 51 Domestic 40.903072 -97.145295
71940 135 51 Irrigation 40.903437 -97.137209
74070 140 51 Irrigation 40.907052 -97.146497
108541 153 51 Domestic 40.931585 -97.138703
124413 350 51 Domestic 40.936071 -97.139050
124412 85 52 Domestic 40.936071 -97.138960
40833 95 52 Irrigation 40.937880 -97.152734
179894 110 52 Domestic 40.937333 -97.116333
11509 120 52 Irrigation 40.939668 -97.146441
132536 120 52 Domestic 40.941519 -97.140347
142400 150 52 Domestic 40.942402 -97.121773
74531 150 52 Irrigation 40.943285 -97.151208
100189 104 53 Irrigation 40.943274 -97.150306
199453 152 53 Domestic 40.943611 -97.125583
206562 72 54 Domestic 40.943694 -97.125111
199452 80 54 Domestic 40.943944 -97.124722
176793 102 54 Domestic 40.944472 -97.124361
92479 111 54 Domestic 40.944711 -97.119701
137431 117 54 Domestic 40.945467 -97.138421
169971 124 54 Domestic 40.945083 -97.121167
105827 124 54 Irrigation 40.946405 -97.141389
103070 213 54 Irrigation 40.947827 -97.150865
14799 65 55 Irrigation 40.948719 -97.148421
143799 100 55 Domestic 40.952667 -97.126139
33272 108 55 Irrigation 40.957457 -97.151089
121700 110 55 Domestic 40.957068 -97.125737
70874 119 55 Irrigation 40.957762 -97.151099
72730 120 55 Irrigation 40.957762 -97.151099
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
121701 123 55 Domestic 40.957298 -97.126023
179944 133 55 Domestic 40.965139 -97.123556
195421 140 55 Domestic 40.966783 -97.139633
186461 140 55 Domestic 40.968050 -97.131850
122269 154 55 Domestic 40.971028 -97.129858
122165 160 55 Domestic 40.973064 -97.142519
130128 160 55 Domestic 40.988833 -97.120925
186788 240 55 Domestic 40.999639 -97.119111
128141 110 56 Domestic 41.014012 -97.153547
152518 276 56 Domestic 41.014167 -97.140917
112440 100 57 Domestic 41.025800 -97.157182
22710 110 57 Irrigation 41.054554 -97.148458
149357 120 57 Domestic 41.061528 -97.146528
131011 134 57 Domestic 41.069623 -97.137374
95466 150 57 Domestic 41.077774 -97.138720
40099 120 58 Irrigation 41.087554 -97.162227
52803 134 58 Irrigation 41.088183 -97.171508
183279 152 58 Irrigation 41.088056 -97.151194
55272 156 58 Irrigation 41.089375 -97.137712
81448 110 59 Irrigation 41.089898 -97.146248
203928 116 59 Irrigation 41.089917 -97.146250
181956 198 59 Domestic 41.089783 -97.137933
174618 110 60 Irrigation 41.093778 -97.171917
184645 115 60 Irrigation 41.093639 -97.162639

4836 117 60 Irrigation 41.095470 -97.150223
74853 125 60 Irrigation 41.099032 -97.174260
39321 146 60 Irrigation 41.100188 -97.159897
173451 204 60 Irrigation 41.100778 -97.152778
85580 208 60 Irrigation 41.100978 -97.143102
185022 210 60 Domestic 41.103967 -97.157100
58284 214 60 Irrigation 41.106245 -97.164710
146018 234 60 Irrigation 41.108222 -97.152722
64056 300 60 Irrigation 41.110001 -97.140796
175355 133 61 Irrigation 41.114778 -97.156306
72341 109 62 Irrigation 41.115514 -97.148131
13691 128 62 Irrigation 41.116313 -97.142074
138156 195 62 Domestic 41.119220 -97.161189
34387 91 63 Irrigation 41.122567 -97.164879
73512 113 63 Irrigation 41.122602 -97.152901
94636 123 63 Irrigation 41.122577 -97.143210
34020 124 63 Irrigation 41.125807 -97.176546
17277 128 63 Irrigation 41.130372 -97.151578
96147 129 63 Irrigation 41.130723 -97.152626
196865 160 63 Irrigation 41.144028 -97.186115

5924 145 64 Domestic 41.150018 -97.174649
26038 180 64 Irrigation 41.159028 -97.162660
17808 95 65 Irrigation 41.166328 -97.172575
17809 110 65 Irrigation 41.166308 -97.160127
16815 110 65 Irrigation 41.168011 -97.181066
44236 110 65 Irrigation 41.170016 -97.186357
64010 120 65 Irrigation 41.171895 -97.184098
120611 125 65 Domestic 41.173488 -97.166258
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
110253 130 65 Domestic 41.173757 -97.165949
92434 136 65 Domestic 41.173812 -97.166907
205520 140 65 Domestic 41.174233 -97.165767
120632 140 65 Domestic 41.175638 -97.163498
94284 140 65 Domestic 41.176289 -97.166478
162051 165 65 Domestic 41.176483 -97.160333
63915 180 65 Irrigation 41.181087 -97.191190
63914 182 65 Irrigation 41.186292 -97.164513
81551 101 66 Irrigation 41.188329 -97.176437
23484 130 66 Irrigation 41.190081 -97.183815
147593 131 66 Domestic 41.191278 -97.181891
132510 120 67 Irrigation 41.202582 -97.161918
121730 126 67 Domestic 41.207077 -97.171931
112562 130 67 Domestic 41.212106 -97.176746
66497 141 67 Irrigation 41.224478 -97.190431
63304 120 68 Irrigation 41.226352 -97.173708
154928 129 68 Irrigation 41.232194 -97.181806
186408 149 68 Irrigation 41.233833 -97.172417
21297 165 68 Irrigation 41.235587 -97.165983
183050 125 69 Irrigation 41.239320 -97.164621
54841 131 69 Irrigation 41.246382 -97.191057
73663 133 69 Irrigation 41.246417 -97.181836
183281 239 69 Irrigation 41.249833 -97.173083
143374 78 70 Domestic 41.250700 -97.200533
148819 94 70 Domestic 41.254717 -97.176367
150807 95 70 Irrigation 41.260750 -97.191167
144348 110 70 Irrigation 41.261040 -97.200839
68381 120 70 Irrigation 41.260881 -97.181745
186745 135 70 Domestic 41.265167 -97.190767
121613 140 70 Domestic 41.264988 -97.183395
162900 150 70 Irrigation 41.268194 -97.205833
157449 160 70 Irrigation 41.268210 -97.191343
83619 170 70 Irrigation 41.272871 -97.198848
136188 183 70 Irrigation 41.282731 -97.210616
162488 207 70 Domestic 41.291767 -97.204017
101104 320 70 Domestic 41.291828 -97.204683
133108 331 70 Domestic 41.294012 -97.176746
179800 115 71 Domestic 41.298350 -97.197617
87129 125 71 Irrigation 41.314502 -97.208226
14203 137 71 Irrigation 41.315407 -97.213755
99033 140 71 Irrigation 41.316306 -97.215403
99011 160 71 Irrigation 41.316721 -97.196426
28213 359 71 Irrigation 41.316696 -97.184603
171555 98 72 Irrigation 41.317740 -97.192931

8006 106 72 Irrigation 41.317972 -97.198437
14264 117 72 Irrigation 41.320616 -97.202577
139419 120 72 Domestic 41.323078 -97.216405
98509 134 72 Irrigation 41.323574 -97.210563
66369 136 72 Irrigation 41.323364 -97.200981
63109 144 72 Irrigation 41.323544 -97.208344
7307 157 72 Irrigation 41.323183 -97.184447

15309 165 72 Irrigation 41.323355 -97.190991
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
60424 200 72 Irrigation 41.323186 -97.179981
58309 485 72 Irrigation 41.327072 -97.200875
132494 108 73 Domestic 41.329889 -97.195866
172372 112 73 Irrigation 41.330544 -97.199019
15310 117 73 Irrigation 41.331560 -97.194372
7138 119 73 Irrigation 41.332647 -97.215103

134266 134 73 Irrigation 41.332189 -97.189603
27809 140 73 Irrigation 41.332807 -97.210455

411 143 73 Irrigation 41.332414 -97.186236
160756 165 73 Domestic 41.333683 -97.202583
101193 94 74 Irrigation 41.334972 -97.185331
150469 116 74 Domestic 41.338313 -97.213500

8338 117 74 Irrigation 41.337847 -97.193181
4485 117 74 Irrigation 41.338596 -97.199647

100412 130 74 Domestic 41.338507 -97.190908
8583 91 75 Irrigation 41.339776 -97.217713
4484 98 75 Irrigation 41.339703 -97.208010

170882 110 75 Irrigation 41.339694 -97.187781
105814 114 75 Irrigation 41.341671 -97.215514
90468 128 75 Irrigation 41.341356 -97.200706
12562 137 75 Irrigation 41.341439 -97.186206
90469 141 75 Irrigation 41.344992 -97.205396
66119 175 75 Irrigation 41.345200 -97.200732
13517 200 75 Irrigation 41.345120 -97.191918
141029 201 75 Domestic 41.346117 -97.195600
79953 107 76 Irrigation 41.348893 -97.210508
54022 108 76 Irrigation 41.348791 -97.203857
153419 120 76 Irrigation 41.348573 -97.181682
66499 120 76 Irrigation 41.350348 -97.188467
91199 131 76 Domestic 41.352619 -97.204480
13864 134 76 Irrigation 41.352684 -97.203262
15393 140 76 Irrigation 41.353306 -97.218299
6376 240 76 Irrigation 41.354254 -97.207833

74801 118 77 Irrigation 41.354138 -97.193214
7896 130 77 Irrigation 41.354084 -97.188406

17914 132 77 Irrigation 41.356378 -97.185851
32603 147 77 Irrigation 41.356989 -97.210330
14204 173 77 Irrigation 41.359748 -97.200552
27978 180 77 Irrigation 41.359644 -97.191956
6375 200 77 Irrigation 41.361275 -97.183469

159818 108 78 Irrigation 41.362861 -97.210028
64790 115 78 Irrigation 41.363260 -97.200509
66725 118 78 Irrigation 41.363039 -97.190808
55560 124 78 Irrigation 41.365157 -97.212509
101040 143 78 Irrigation 41.368706 -97.192562
78303 144 78 Irrigation 41.370671 -97.210019
63191 149 78 Irrigation 41.370562 -97.200400
171066 151 78 Irrigation 41.370366 -97.185735
38097 230 78 Irrigation 41.370658 -97.192710
70870 277 78 Irrigation 41.372455 -97.207583

922 112 79 Irrigation 41.372400 -97.202774
136363 130 79 Domestic 41.373617 -97.191328
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
108828 134 79 Domestic 41.374559 -97.215791
144147 150 79 Domestic 41.374888 -97.209402
137921 153 79 Domestic 41.376371 -97.192483
124748 328 79 Irrigation 41.377539 -97.200207
70869 104 80 Irrigation 41.379701 -97.207457
160593 107 80 Irrigation 41.380483 -97.216379
148711 108 80 Irrigation 41.380479 -97.215285
148710 120 80 Irrigation 41.380475 -97.214557
127803 120 80 Domestic 41.382909 -97.208001
83275 122 80 Irrigation 41.388916 -97.190903
170719 128 80 Irrigation 41.389639 -97.185167
158850 135 80 Domestic 41.402556 -97.195694
186976 135 80 Irrigation 41.403276 -97.218506
73236 139 80 Irrigation 41.403877 -97.182619
150456 140 80 Irrigation 41.409082 -97.218701
42457 143 80 Irrigation 41.409217 -97.213613
173888 150 80 Irrigation 41.411366 -97.208894
140084 160 80 Irrigation 41.412830 -97.184749
124651 162 80 Domestic 41.414278 -97.186112
133779 184 80 Irrigation 41.414742 -97.182564
133503 208 80 Irrigation 41.414749 -97.180085
101596 227 80 Irrigation 41.416705 -97.189674

2024 129 81 Irrigation 41.421984 -97.201833
31565 130 81 Irrigation 41.422606 -97.189697
74095 163 81 Irrigation 41.423281 -97.193897
75829 123 82 Irrigation 41.423554 -97.194265
173346 130 82 Irrigation 41.424444 -97.204117
33186 140 82 Irrigation 41.426914 -97.190206
43549 140 82 Irrigation 41.427804 -97.213569
148548 130 83 Irrigation 41.427489 -97.180667
16320 132 83 Irrigation 41.427490 -97.180230
35216 173 83 Irrigation 41.428356 -97.184959
3422 124 84 Irrigation 41.429269 -97.192278

12596 130 84 Irrigation 41.430318 -97.204236
82066 247 84 Irrigation 41.431255 -97.216176
26729 113 85 Irrigation 41.431287 -97.213915
41125 130 85 Irrigation 41.430998 -97.199500
28825 134 85 Irrigation 41.431901 -97.203374
12595 135 85 Irrigation 41.432330 -97.209264
2249 141 85 Irrigation 41.433028 -97.216423

38849 170 85 Irrigation 41.432509 -97.194114
3421 180 85 Irrigation 41.432892 -97.192305

186737 181 85 Domestic 41.433433 -97.212250
40392 195 85 Irrigation 41.433606 -97.184982
121697 197 85 Domestic 41.434441 -97.213308
201560 228 85 Domestic 41.434850 -97.211850
143171 260 85 Domestic 41.435226 -97.212245
129317 340 85 Domestic 41.436519 -97.214836
78311 140 87 Domestic 41.437662 -97.211900
51854 150 87 Irrigation 41.437791 -97.209057
82891 300 87 Irrigation 41.437753 -97.200647
44804 141 88 Irrigation 41.438134 -97.204356
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
33185 143 88 Irrigation 41.438590 -97.188762
79138 155 88 Irrigation 41.438612 -97.181186
8816 201 88 Irrigation 41.440282 -97.206789

28047 256 88 Irrigation 41.440091 -97.191972
10856 130 89 Irrigation 41.442109 -97.211941
172686 140 89 Domestic 41.443949 -97.219543

8817 169 89 Irrigation 41.443919 -97.211623
2195 328 89 Irrigation 41.443877 -97.192347

36562 130 90 Irrigation 41.445175 -97.209229
32929 138 90 Irrigation 41.445990 -97.214525
33184 140 90 Irrigation 41.449336 -97.193340
91503 140 90 Domestic 41.451411 -97.214805
3423 140 90 Irrigation 41.451123 -97.197216
3420 140 90 Irrigation 41.451123 -97.192347

128973 141 90 Irrigation 41.452514 -97.208301
14472 145 90 Irrigation 41.452990 -97.223520
33997 146 90 Irrigation 41.452943 -97.219097
2196 149 90 Irrigation 41.454824 -97.211664

13402 150 90 Irrigation 41.454796 -97.192334
43550 165 90 Irrigation 41.456838 -97.199177
170098 170 90 Irrigation 41.460153 -97.228329
84491 185 90 Irrigation 41.459976 -97.205645
33181 185 90 Irrigation 41.460146 -97.209439
20310 185 90 Irrigation 41.460356 -97.215385
16251 190 90 Irrigation 41.460237 -97.196241
10020 190 90 Irrigation 41.462042 -97.192280
16252 196 90 Irrigation 41.462746 -97.199586
43551 210 90 Irrigation 41.463680 -97.199509
3860 224 90 Irrigation 41.469335 -97.226191

75735 225 90 Irrigation 41.469282 -97.201976
21885 227 90 Irrigation 41.470167 -97.209083
39499 242 90 Irrigation 41.471125 -97.218966
4646 253 90 Irrigation 41.476521 -97.197178

79182 261 90 Irrigation 41.478501 -97.233239
59315 283 90 Irrigation 41.478372 -97.218970
8820 293 90 Irrigation 41.478658 -97.211415

74854 297 90 Irrigation 41.480244 -97.235880
17200 305 90 Irrigation 41.481838 -97.204347
50909 182 91 Irrigation 41.485778 -97.238326
68162 220 91 Irrigation 41.485744 -97.231281
76365 240 91 Irrigation 41.485726 -97.218973
133087 130 92 Irrigation 41.485651 -97.209410

4406 147 92 Irrigation 41.487510 -97.206844
150519 147 92 Irrigation 41.489201 -97.207768
106422 163 92 Irrigation 41.493249 -97.238261
189855 170 92 Irrigation 41.492972 -97.218472
46407 175 92 Irrigation 41.492978 -97.209339
80943 180 92 Irrigation 41.493769 -97.223990
55601 189 92 Irrigation 41.494851 -97.240788
105622 189 92 Domestic 41.496929 -97.233389
127205 196 92 Domestic 41.497140 -97.206929
149507 215 92 Irrigation 41.498472 -97.226056
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
79281 240 92 Irrigation 41.500358 -97.238321
53932 165 93 Irrigation 41.500390 -97.231166
169670 175 93 Irrigation 41.500111 -97.218833

3681 180 93 Irrigation 41.500433 -97.206848
157737 185 93 Irrigation 41.500806 -97.206722
33435 243 93 Irrigation 41.505726 -97.227739
3304 142 94 Irrigation 41.505668 -97.211637

175318 160 94 Irrigation 41.507389 -97.218139
88964 180 94 Irrigation 41.507578 -97.217786
73513 193 94 Irrigation 41.509470 -97.235995
3303 240 94 Irrigation 41.509291 -97.211617

59487 118 95 Irrigation 41.512963 -97.221375
43382 134 95 Irrigation 41.512938 -97.209325
138841 140 95 Irrigation 41.514778 -97.238410
13560 147 95 Irrigation 41.516925 -97.228720
176039 151 95 Irrigation 41.516844 -97.219645
51424 172 95 Irrigation 41.518826 -97.233598
166018 190 95 Irrigation 41.522667 -97.233500

8374 200 95 Irrigation 41.523813 -97.211803
35103 200 95 Irrigation 41.524011 -97.218352
51437 240 95 Irrigation 41.525710 -97.248161
51423 143 96 Irrigation 41.525711 -97.239773
42383 169 96 Irrigation 41.525660 -97.228742
55602 220 96 Irrigation 41.527566 -97.240970
77896 186 97 Irrigation 41.527513 -97.226310
171032 221 97 Irrigation 41.528285 -97.221990
141821 233 97 Domestic 41.529000 -97.233129
32500 120 98 Irrigation 41.529299 -97.216645
111155 165 98 Domestic 41.544646 -97.236041

9010 186 98 Irrigation 41.549177 -97.211747
166851 231 98 Irrigation 41.585472 -97.247556
119611 175 100 Domestic 41.588024 -97.226974
167203 223 100 Domestic 41.589500 -97.234056
204429 223 100 Irrigation 41.590759 -97.245045
154856 234 100 Irrigation 41.593083 -97.236444
115334 236 100 Domestic 41.596538 -97.233166
160617 273 100 Irrigation 41.601667 -97.245667
187724 141 101 Irrigation 41.601695 -97.238213
55273 185 101 Irrigation 41.601976 -97.247426
79462 210 101 Irrigation 41.601681 -97.228048
156625 210 102 Irrigation 41.608944 -97.247333
155309 335 102 Irrigation 41.608928 -97.224377
108730 177 103 Domestic 41.613420 -97.218479
201183 160 103 Irrigation 41.616333 -97.247583
79493 225 103 Irrigation 41.616287 -97.237582
130747 250 103 Irrigation 41.619706 -97.218377
149352 287 103 Irrigation 41.623500 -97.246528
64880 340 103 Irrigation 41.625267 -97.230496
81121 180 104 Irrigation 41.630629 -97.218492
64593 193 104 Irrigation 41.632719 -97.249810
4706 247 104 Irrigation 41.632516 -97.235325

169012 293 104 Irrigation 41.639833 -97.250139
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
65484 360 104 Irrigation 41.639721 -97.230755
165691 190 105 Irrigation 41.641858 -97.227866
116334 221 105 Domestic 41.642364 -97.237077
137012 320 105 Domestic 41.644803 -97.233725
62339 164 106 Irrigation 41.654329 -97.235734
62340 182 107 Irrigation 41.661711 -97.240582
162764 187 107 Irrigation 41.667636 -97.223563
121848 190 107 Domestic 41.671012 -97.242939
113554 170 108 Domestic 41.700501 -97.267023
73827 179 108 Irrigation 41.719715 -97.279477
147058 268 108 Domestic 41.755456 -97.291617
124042 320 108 Domestic 41.760607 -97.270596
137695 220 109 Domestic 41.772522 -97.268416
144896 290 109 Domestic 41.791340 -97.272010
74379 160 110 Irrigation 41.817321 -97.273836
75016 160 110 Irrigation 41.831837 -97.245304
92258 182 110 Domestic 41.834454 -97.250928
191366 205 110 Irrigation 41.855538 -97.266706
97732 220 110 Domestic 41.877331 -97.277823
102708 225 110 Irrigation 41.877133 -97.247246
82527 279 110 Irrigation 41.884249 -97.266778
80925 238 111 Irrigation 41.884539 -97.257014
59477 164 112 Irrigation 41.884351 -97.247741
29444 203 112 Irrigation 41.884995 -97.274123
59476 240 112 Irrigation 41.884442 -97.238046
93967 200 114 Domestic 41.885783 -97.277996
6209 235 114 Irrigation 41.889883 -97.273770
5253 115 115 Irrigation 41.889900 -97.269257

180353 240 115 Irrigation 41.891722 -97.272778
80874 248 115 Irrigation 41.891674 -97.257043
171985 251 115 Irrigation 41.891678 -97.247493

2426 280 115 Irrigation 41.893505 -97.273823
38899 217 116 Irrigation 41.898877 -97.275152
171986 220 116 Irrigation 41.898972 -97.247411

5182 273 116 Irrigation 41.900751 -97.273930
74972 210 118 Irrigation 41.900789 -97.254591
66136 210 118 Irrigation 41.904346 -97.254561
5013 289 118 Irrigation 41.906119 -97.276396

10060 203 119 Irrigation 41.911571 -97.269069
62135 210 119 Irrigation 41.913365 -97.276429
50186 182 120 Irrigation 41.913386 -97.266634
81037 186 120 Irrigation 41.917225 -97.266748
122058 192 120 Domestic 41.917623 -97.275651
68842 218 120 Irrigation 41.918836 -97.254508
2429 220 120 Irrigation 41.918836 -97.254508

173536 230 120 Irrigation 41.920111 -97.244380
29988 239 120 Irrigation 41.920619 -97.252011
5100 240 120 Irrigation 41.926082 -97.254591

201034 240 120 Domestic 41.927194 -97.251028
83303 250 120 Irrigation 41.936411 -97.251479
66269 265 120 Irrigation 41.940799 -97.250519
36657 273 120 Irrigation 41.941532 -97.277213
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
4835 303 120 Irrigation 41.941702 -97.260690

148708 318 120 Irrigation 41.942386 -97.261754
66268 420 120 Irrigation 41.947806 -97.283701
51642 170 121 Irrigation 41.948551 -97.265168
191370 217 121 Irrigation 41.971556 -97.271750
61756 219 121 Irrigation 41.980445 -97.293496
135599 237 121 Domestic 41.981634 -97.272934
132500 299 121 Domestic 41.982796 -97.270619
158604 361 121 Irrigation 42.000434 -97.273061
185869 168 122 Domestic 42.000972 -97.291306
157902 240 122 Domestic 42.001111 -97.266667
114843 416 123 Domestic 42.022706 -97.291585
101634 0 125 Domestic 42.033747 -97.299736
97144 187 125 Domestic 42.045192 -97.294007
99273 220 125 Domestic 42.045999 -97.280105
181300 240 125 Domestic 42.045861 -97.272306
115745 401 125 Domestic 42.048150 -97.290097
67358 165 127 Irrigation 42.052909 -97.293518
144633 225 127 Domestic 42.056944 -97.269722
105574 200 128 Domestic 42.061500 -97.296273
198661 368 128 Irrigation 42.065583 -97.266944
92389 172 130 Domestic 42.078118 -97.290497
178014 174 130 Domestic 42.082111 -97.274083
192743 234 130 Domestic 42.085000 -97.292222
110397 350 130 Domestic 42.088870 -97.291671
184917 378 130 Domestic 42.096938 -97.294359
165992 166 131 Domestic 42.101319 -97.303345
109058 200 131 Domestic 42.102367 -97.297766
103941 212 131 Domestic 42.107442 -97.269362
94559 300 131 Domestic 42.111128 -97.295300
114715 300 131 Domestic 42.115942 -97.269130
184911 195 132 Domestic 42.122469 -97.269830
99194 220 132 Domestic 42.137351 -97.291443
135479 312 132 Domestic 42.141981 -97.292664
123903 340 132 Domestic 42.159324 -97.308723
177508 163 133 Irrigation 42.202917 -97.306750
184864 220 133 Irrigation 42.203111 -97.310500
72475 314 133 Irrigation 42.204885 -97.292862
149371 382 133 Irrigation 42.210361 -97.295694
205206 200 134 Domestic 42.226917 -97.304922
109275 416 135 Irrigation 42.239163 -97.314970
64638 350 136 Irrigation 42.239129 -97.285749
147398 235 138 Irrigation 42.246417 -97.315194
102698 280 138 Irrigation 42.264366 -97.304827
147399 230 140 Irrigation 42.275333 -97.315250
136530 280 140 Domestic 42.278371 -97.304623
102718 288 140 Irrigation 42.282598 -97.305442
158990 300 140 Irrigation 42.286278 -97.320361
147401 318 140 Irrigation 42.300944 -97.291000
65554 320 140 Irrigation 42.304478 -97.305556
81366 356 140 Irrigation 42.326563 -97.315246
120160 392 140 Domestic 42.330855 -97.311164

I-90 Corridor Alternative

23



Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
165340 222 141 Irrigation 42.333556 -97.324944
173488 295 141 Domestic 42.335556 -97.300194
204052 270 142 Irrigation 42.341028 -97.334694
142215 285 142 Domestic 42.353940 -97.321726
114214 260 143 Irrigation 42.355016 -97.335219
38513 275 143 Irrigation 42.358899 -97.305425
66147 344 143 Irrigation 42.362603 -97.315174
95528 297 144 Irrigation 42.362851 -97.305848
77937 207 145 Irrigation 42.364386 -97.332267
65655 220 145 Irrigation 42.369871 -97.334679
79837 250 145 Irrigation 42.369726 -97.315092
81852 150 146 Irrigation 42.377213 -97.324977
60008 305 146 Irrigation 42.377026 -97.315186
157292 230 147 Domestic 42.388954 -97.328043
73869 220 148 Irrigation 42.397095 -97.332398
90800 248 150 Domestic 42.403291 -97.330565
70364 280 150 Irrigation 42.406061 -97.315291
109272 302 150 Irrigation 42.420635 -97.354325
199549 220 151 Irrigation 42.420496 -97.334912
71817 308 151 Irrigation 42.422448 -97.347010
37102 240 152 Irrigation 42.423452 -97.323237
93999 403 152 Domestic 42.425601 -97.332138
72097 185 154 Irrigation 42.426092 -97.332366
120759 310 155 Irrigation 42.427983 -97.325042
56451 320 157 Irrigation 42.433331 -97.322733
58529 371 157 Irrigation 42.436943 -97.351987
94950 360 158 Domestic 42.442433 -97.325365
62889 396 158 Irrigation 42.442466 -97.323446
59060 228 160 Irrigation 42.444256 -97.340660
160998 280 160 Irrigation 42.449528 -97.343278
60733 304 160 Irrigation 42.449711 -97.333254
115511 318 160 Irrigation 42.453318 -97.323425
177057 334 160 Irrigation 42.456872 -97.343169
109938 350 160 Irrigation 42.464275 -97.352848
62888 380 160 Irrigation 42.464172 -97.343054
74293 391 160 Irrigation 42.469702 -97.345506
43290 295 162 Irrigation 42.471475 -97.360011
57663 330 162 Irrigation 42.471520 -97.352777
175517 330 164 Irrigation 42.471280 -97.323550
158200 260 165 Irrigation 42.478583 -97.352889
124945 300 165 Irrigation 42.485959 -97.359400
38256 247 166 Irrigation 42.486042 -97.347639
131775 282 168 Irrigation 42.492814 -97.358407
184951 269 170 Irrigation 42.493392 -97.342878
193114 270 170 Irrigation 42.493269 -97.333100
80720 280 170 Irrigation 42.493241 -97.323384
59314 320 170 Irrigation 42.495093 -97.350142
60281 295 172 Irrigation 42.496993 -97.357563
186182 380 172 Irrigation 42.500457 -97.333101
71826 220 175 Irrigation 42.500432 -97.323609
177812 234 175 Irrigation 42.504524 -97.347968
110329 310 175 Irrigation 42.511626 -97.357017
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
194198 310 175 Irrigation 42.511523 -97.342922
58507 370 175 Irrigation 42.516808 -97.340794
176133 215 176 Irrigation 42.518933 -97.339178
75749 220 176 Irrigation 42.520402 -97.335871
117055 228 177 Domestic 42.524879 -97.330997
159289 275 178 Irrigation 42.529324 -97.357494
108213 280 179 Irrigation 42.531618 -97.321177
133831 345 179 Irrigation 42.539733 -97.351726
186181 230 180 Domestic 42.555007 -97.330648
40517 265 180 Irrigation 42.558409 -97.328659
67244 267 180 Irrigation 42.560220 -97.326186
111957 280 180 Irrigation 42.560737 -97.337882
180154 280 180 Irrigation 42.563928 -97.348459
59899 391 180 Irrigation 42.567580 -97.350763
177597 247 182 Domestic 42.568476 -97.336962
142522 331 182 Irrigation 42.570289 -97.342185
68219 358 182 Irrigation 42.571120 -97.321313
158578 260 183 Irrigation 42.571640 -97.320385
80650 282 183 Irrigation 42.573423 -97.323695
48725 340 183 Irrigation 42.574930 -97.333070
91201 243 184 Irrigation 42.582381 -97.326843
111228 300 184 Domestic 42.583528 -97.347306
149238 360 184 Domestic 42.584197 -97.330357
58508 329 185 Irrigation 42.585559 -97.345425
111640 346 186 Irrigation 42.587315 -97.343042
135097 230 187 Domestic 42.587863 -97.347657
142521 346 187 Irrigation 42.598064 -97.328429
206820 258 188 Irrigation 42.598100 -97.329333
198957 460 189 Irrigation 42.601862 -97.352678
119275 255 190 Domestic 42.604905 -97.350302
106593 282 190 Irrigation 42.605529 -97.333132
184663 294 190 Domestic 42.610889 -97.339111
156974 342 190 Irrigation 42.612952 -97.338098
191096 345 190 Irrigation 42.612925 -97.320961
76725 320 191 Irrigation 42.614461 -97.321048
151645 236 192 Irrigation 42.616260 -97.343271
75788 380 192 Irrigation 42.618129 -97.350538
120856 249 195 Domestic 42.618208 -97.353420
196471 273 195 Irrigation 42.625433 -97.347744
65421 400 196 Irrigation 42.625349 -97.335588
191540 300 197 Irrigation 42.638261 -97.352678
199190 286 198 Irrigation 42.638274 -97.343013
58001 314 200 Irrigation 42.643700 -97.325885
45162 355 200 Irrigation 42.645536 -97.323204
191767 440 200 Irrigation 42.663868 -97.337844
191766 274 202 Irrigation 42.663878 -97.334311
191768 295 202 Irrigation 42.663889 -97.330591
194152 260 203 Irrigation 42.670827 -97.332195
42974 280 205 Irrigation 42.692292 -97.342723
58642 291 205 Irrigation 42.694519 -97.335262
170387 260 208 Irrigation 42.695833 -97.357639
170386 239 210 Irrigation 42.695972 -97.357694
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Available Water Well Data within 1 Mile of the I-90 Corridor Alternative Centerline in Nebraska
Well ID Total Well Depth (Feet) Static Water Level (Feet) Use Latitude Longitude
50185 312 210 Irrigation 42.699296 -97.327923
43082 325 210 Irrigation 42.700779 -97.342764
4410 338 210 Irrigation 42.701410 -97.355036

119175 245 212 Domestic 42.702669 -97.335117
38582 260 215 Irrigation 42.703193 -97.352578
37854 470 215 Irrigation 42.704713 -97.325626
193031 247 219 Irrigation 42.706754 -97.326457
196257 369 220 Irrigation 42.716694 -97.360278
119176 325 221 Irrigation 42.761194 -97.343433
161407 300 225 Irrigation 42.764889 -97.341581
112590 312 225 Domestic 42.777383 -97.365726
134217 370 226 Irrigation 42.784008 -97.346148
99024 325 235 Domestic 42.785828 -97.347183
145516 405 235 Domestic 42.793415 -97.348652
119168 300 238 Domestic 42.796457 -97.366185
193818 347 245 Irrigation 42.801583 -97.362472
199230 360 248 Irrigation 42.801639 -97.364056
192679 340 253 Irrigation 42.801639 -97.362444
157003 340 254 Irrigation 42.814014 -97.349788
56841 314 255 Irrigation 42.831947 -97.389180
14513 320 255 Irrigation 42.834586 -97.380535
57560 346 255 Irrigation 42.835597 -97.398929
18527 380 256 Irrigation 42.835678 -97.362446
57225 400 256 Irrigation 42.841151 -97.401430
57632 390 260 Irrigation 42.842821 -97.379530
56728 320 263 Irrigation 42.842839 -97.369685
192403 400 269 Domestic 42.844782 -97.388064
28286 338 270 Irrigation 42.846803 -97.400498
56602 375 275 Irrigation 42.846432 -97.379512
121021 305 280 Irrigation 42.849032 -97.366709
44405 375 280 Irrigation 42.855505 -97.381599
44425 370 285 Irrigation 42.855485 -97.372190
56499 381 285 Irrigation 42.857323 -97.389094
122540 390 288 Irrigation 42.895789 -97.356899
92919 340 293 Irrigation 42.901409 -97.356963
117143 415 296 Irrigation 42.915310 -97.356743

Source: NE DNR, 2011. Available at: http://dnrdata.dnr.ne.gov/wellscs/Menu.aspx
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LIST OF PREPARERS 
 

 
Cardno ENTRIX 
 
Abbe, Tim – Geomorphology 

Ph.D., Geological Science, University of Washington, 2000 
M.S., Geology, Portland State University, 1990 
B.S., Geology, University of Vermont, 1984 

 
Ayala, Chelsea – Air Quality and Noise 

B.A., Environmental Studies, Minor, Geology, California State University, Sacramento, 
1992 

Ban, Suzanne – Project Management, Biology 
M.S., Biological Oceanography, Florida Institute of Technology, 1985 
B.S. (with honor), Biology, Pennsylvania State University, 1982 

Belby, Brendan – Water Resources 
M.S., Fluvial Geomorphology, Dept. of Geography, University of Illinois at Urbana-
Champaign, 2001 
B.A., Physical Geography, Minor in Environmental Studies, Augustana College, Rock 
Island, Illinois, 1998 
 

Burke, Susan – Socioeconomics 
Ph.D., Agricultural and Natural Resource Economics, Oregon State University, 1999 
M.S., Agricultural and Natural Resource Economics, University of California, Davis, 
1995 
B.S., Finance/Business, California State University, Hayward, 1982 
 

Brena, Jeannette – Air Quality and Noise, Cumulative Impacts 
M.S., Environmental Engineering, Washington State University, 1997 
B.S., Civil/Environmental Engineering, Seattle University, 1996 

Demuth, Kimberly – Cultural Resources, Section 106 Compliance 
M.S., Historic Preservation of Architecture, University of Oregon, Eugene, 1982 
B.A., Fine Arts and Design, University of California, Santa Cruz, 1977 

Ericsson, Michael – Water Resources 
M.S., Earth Science, Dartmouth College, 2006 
B.S., Geology, Colorado State University, 1999 
 

Ferris, Jennifer – Cultural Resources 
M.A., Anthropology, Washington State University, 2008 
B.A., Anthropology, University of Washington, 2001 
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Freeman, Kevin – Project Management, NEPA Compliance, Geology 
M.S., Geology, Michigan State University, 1974 
B.S., Geology, Michigan State University, 1971 
R.G., R.E.G., Oregon 
L.G., L.H.G., L.E.G., Washington 

Ghitis, Eliza – Water Resources 
M.S., Environmental Geomorphology, University of Oxford, 2006  
B.S., Earth and Space Sciences (Geology option), University of Washington, 2004 
 

Graf, Cody – Land Use, Recreation, and Aesthetics 
M.A., Economics, University of Nevada, Reno, 2007 
B.A., Economics, University of Nevada, Reno, 2005 
 

Grange, Katey – Biology, Cumulative Impacts 
M.E.M., Coastal Environmental Management, Duke University, 2006 
B.S., Aquatic and Fishery Science, University of Washington, 2003 
 

Hancock, Joel – GPS, GIS, Land Use, Alternatives 
M.C.R.P., Masters City and Regional Planning, Emphasis on Environmental Policy and 
Management, University of Texas, 2008 
B.S., Geography, University of North Texas, 2004 

Hanson, Kirt – Water Resources 
B.S., Geological Sciences, University of Washington, 1992 
B.S., Civil Engineering, 1992 

Harvey, David – Cultural Resources 
M.A., History, Western State University, 1975 
Interdisciplinary Graduate Studies, Oregon State University, 1974 
B.A., American History and Government, Farleigh Dickinson University, 1970 
 

Isett, Jennifer – Project Coordination, Administrative Record, Production 
B.F.A., Graphic Design, University of Illinois, Chicago, 1994 

Kicklighter, Wayne – Cumulative Impacts 
M.S., Ecology – Fisheries, San Diego State University, 1990 
B.S., Biology, Memphis State University, 1987 
 

Nagy, Michael – Project Description 
Graduate Studies in Natural Resources, Michigan State University, 1978 
B.S., Natural Resources, Ball State University, Indiana, 1977 

Noel, Lynn – Wetlands, Biology 
M.S., Natural Resources–Fisheries, Humboldt State University, 1988 
B.S., Biology, University of Illinois, 1980 
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Paul, Duane – Land Use, Recreation, and Aesthetics 
Ph.D., Agricultural Economics, University of California (Davis), 1976 
M.S., Agricultural Economics, University of California (Davis), 1969 
B.S., Agricultural Management, California State University, 1968 

Pavich, Steve – Land Use, Recreation, and Aesthetics 
M.S., Agricultural and Resource Economics, Oregon State University, 1999 
B.A., Economics, University of California, Davis, 1994 

Poremba, Greg – Socioeconomics, Land Use, MEPA/NEPA Compliance 
Ph.D., Sociology, Washington State University, 1990 
M.A., Sociology, University of North Dakota, 1982 
B.A., Sociology/Anthropology and English, University of Minnesota, 1979 
 

Ranzetta, Kirk – Cultural Resources 
Ph.D., Urban Affairs and Public Policy, University of Delaware, 2001-2006 
M.A., in Urban Affairs and Public Policy, Specialization in Historic Preservation 
University of Delaware, Newark, DE, 1994-1996 
B.A., Historic Preservation, Cum Laude Mary Washington College, Fredericksburg, VA., 
1990-1994 

Robilliard, Gordon – Risk Assessment, Oil Spill Risk, Biology 
Ph.D., Zoology, University of Washington, 1971 
M.S., Zoology, University of Washington, 1967 
B.S. (Honors), Biology, 1 University of Victoria, 1965 

Rubin, Joseph – Project Coordination, Administrative Record 
J.D. Seattle University School of Law, 1998 
B.A. Philosophy, Southwestern University, 1995 
 

Scholz, Jenna – Water Resources 
M.S., Forest Engineering and Hydrology, University of Washington, 2001 
B.S., Distinction in Biology, Concentration in Marine Science, Boston University, 1991 
 

Shatt, Ryan – Geology and Soils 
B.S., Geosciences, Pennsylvania State University, 1997 

Staeger, William – Project Management, Project Description, MEPA/NEPA Compliance 
M.S., Fisheries Biology, Oregon State University, 1974 
B.A., Biology, Lafayette College, 1967 

Tamigniaux, Rachel – Project Coordination, Administrative Record 
M.S., Environmental Social Science, University of Kent, UK, 2010 
B.A., Environmental Studies, University of Washington, Seattle, 2008 

Uno, Alison – Project Coordination, Project Description, Biology 
M.S., Sustainable Environmental Management, University of Plymouth, UK, 2006 
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B.S., Marine Biology, University of Liverpool, UK, 1997 
 

Wakefield, Jeffrey – Socioeconomics 
Ph.D., Economics, University of Delaware, Newark, DE 2001 
M.S., Marine Biology and Biochemistry, College of Marine Studies, Lewes, DE, 1996 
B.S., Biology, Rochester Institute of Technology, Rochester, NY, 1993 

Zuccotti, Lucy – Cultural Resources 
M.A., Physical Anthropology, University of Arkansas, 1998 
B.A., Natural Sciences/Biological Anthropology, Hampshire College, 1995 
 

ICF International – GHG  
Freed, J. Randall 

M.S., Water Resource Management, University of Maryland, 1977 
B.S., Zoology, University of Maryland, 1974 
 

Robinson, Donald R.  
M.S., Chemical Engineering, University of Southern California, 1968 
B.S., Chemical Engineering, University of Southern California, 1967 
 

Fishback II, Joseph William (Bill) 
M.S., Chemical Engineering, Colorado School of Mines, 1971 
B.S., Chemical Engineering, Colorado School of Mines, 1970 

 
Lizas, Deanna N. 

MEM, Industrial Environmental Management, Yale School of Forestry and 
 Environmental Studies, 2006 

B.S., Environmental Science & Sociology, University of Michigan, 2001 
 

Evans, Christopher W. 
M.S., Technology and Policy, Massachusetts Institute of Technology, 2008 
B.S., Mechanical Engineering, University of Manitoba, 2004 
 

Kwartin, Robert M. 
B.S., Environmental Biology, Yale University, 1983                
 

Brundage, Adam M. 
MEM, Nicholas School of the Environment and Earth Sciences, Duke University, 2007 
B.S., Atmospheric Science, McGill University, 2004 
 

Renz, Robert C. 
B.S., Mechanical Engineering, University of Virginia, 2008 
 

Hauswald, Edward C. 
M.S., Chemical Engineering, Ohio State University, 1971 
B.S., Chemistry, Baldwin Wallace College, 1966 
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Siegell, Jeffrey H. 
Ph.D., Chemical Engineering, The City University of New York, 1976 
M.E., Chemical Engineering, The City University of New York, 1974 
B.E., Chemical Engineering, The City University of New York, 1973 
 

Catena Consulting 
Elliott, Joseph – Biology 

Ph.D., Botany, University of Montana, Missoula, Montana  
B.S., Biology and Chemistry, Wisconsin State University, Eau Claire, Wisconsin 
 

Feigley, Peter – Biology 
Ph.D., Environmental and Forest Biology, University of New York, Syracuse, New York  
M.S., Zoology, Montana State University, Bozeman, Montana  
B.S., Fish and Wildlife Management, Montana State University, Bozeman, Montana 
 

Stark, Judd – Soils 
B.S., Land Rehabilitation (Soil Science emphasis), Montana State University-Bozeman 
 

Melton Environmental Consulting, Inc. 
Melton, Jim – MEPA/NEPA Compliance 

M.S., Agriculture, Resource Development, Texas A&M University, 1972 
B.S., Agronomy, Texas A&M University, 1970 
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Federal Agencies 
 
Advisory Council on Historic Preservation 
John Eddins, Washington D.C. 
 
U.S. Army Corps of Engineers  
Darin McMurry, MT  
Martha Chieply, NE 
Vicki Dixon, TX  
Joel Ames s. Martha Chieply, NE 
Fred Land, TX  
Cathy Juhas, MT 
Skipper Scott, TX  
Jeff Breckenridge, SD 
Kristi McMillan, TX  
Keith Tillotson, NE 
Timothy Hartsfield, OK  
Jennifer Moyer, DC 
Karen Kochenbach, OR  
Kim McLaughlin, DC 
Kathy Dunn, MO  
 
U.S. Environmental Protection Agency  
Larry Svoboda, CO  
Stephen Potts, NE 
Joe Cothern, KS  
Stephen Smith, KS  
Mike Jansky, TX  
Aimee Hessert, DC 
 
U.S. Department of Agriculture, Farm Service 
Agency  
Matthew Ponish, DC  
Bennett Horter, DC 
 
U.S. Department of Agriculture, Natural 
Resources Conservation Service 
Matthew Judy, TX  
J. Cameron Loerch, NE 
Claude Ross, TX  
 
U.S. Department of Agriculture, Rural Utilities 
Service  
Richard Fristik, DC  
 
U.S. Department of the Interior  
 VJ Rai, DC  
 
U.S. Department of the Interior, Bureau of Indian 
Affairs 
Carson N. Murdy, SD 
 
U.S. Department of the Interior, Bureau of Land 
Management 
Jim Stobaugh, DC, NV   
David Breisch, MT 
Casey Buechler, MT  
Marian Atkins, SD 
Craig Haynes, MT  
Mark Albers, MT 
 

U.S. Department of the Interior, Bureau of 
Reclamation 
Vernon LaFontaine, MT  
Brad Coutant, MT 
 
U.S. Department of the Interior, National Park 
Service 
Michael Romano Taylor, TX  
Sharon Brown, TX  
Andrew Veech, TX  
Aaron Mahr, TX  
 
U.S. Department of the Interior, U.S. Fish and 
Wildlife Service 
John Cochnar, NE 
Martha Tacha, NE  
Tim Modde, CO 
Lou Haneberry, MT  
Mark Wilson, MT 
Charlene Beskin, SD 
Dan Mulhern, KS 
Haley Dikeman, OK 
Tom Cloud, TX  
Steve Parrish, TX 
 
U.S. Department of State  
Alexander Yuan, NEPA Coordinator  
Michael Stewart, Energy Officer   
 
U.S. Department of Transportation, Pipeline and 
Hazardous Materials Safety Administration 
Max Kieba, DC   
Jeffery Gilliam, CO  
Ivan Huntoon, MO  
Steve Nanney, TX  
 
Western Area Power Administration  
Nick Stas, CO  
Matt Marsh, MT 
Rod O'Sullivan, MT  
Dirk Shulund, MT 
Jeff Irwin, MT  
Stephen Tromly, MT 
 
Members of Congress 
 
Kansas 
Senator Sam Brownback, KS 
Senator Pat Roberts, KS 
Representative Jerry Moran, KS 
Representative Lynn Jenkins 
Representative Dennis Moore 
Representative Todd Tiahrt, KS 
 
Montana 
Senator Max Baucus, MT 
Senator Jon Tester, MT 
Representative Dennis Rehberg, MT 
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Nebraska 
Senator Ben Nelson, NE 
Senator Mike Johanns, NE 
Representative Jeff Fortenberry, NE 
Representative Lee Terry, NE 
Representative Adrian Smith, NE 
 
Oklahoma 
Senator Tom Coburn, OK 
Senator James Inhofe, OK 
Representative John Sullivan, OK 
Representative Dan Boren, OK 
Representative Frank Lucas, OK 
Representative Tom Cole, OK 
Representative Mary Fallin, OK 
 
South Dakota 
Senator Tim Johnson, SD 
Senator John Thune, SD 
Representative Stephanie Herseth Sandlin, SD 
 
Texas 
Senator Kay Bailey Hutchison, TX 
Senator John Cornyn, TX 
Representative Louie Gohmert, TX 
Representative Ted Poe, TX 
Representative Sam Johnson, TX 
Representative Ralph Hall, TX 

Representative Jeb Hensarling, TX 
Representative Joe Barton, TX 
Representative John Culberson, TX 
Representative Kevin Brady, TX 
Representative Al Green, TX 
Representative Michael McCaul, TX 
Representative Mike Conaway, TX 
Representative Kay Granger, TX 
Representative Mac Thornberry, TX 
Representative Ron Paul, TX 
Representative Ruben Hinojosa, TX 
Representative Silvestre Reyes, TX 
Representative Chet Edwards, TX 
Representative Sheila Jackson Lee, TX 
Representative Randy Neugebauer, TX  
Representative Charles A. Gonzalez, TX 
Representative Lamar Smith, TX 
Representative Pete Olson, TX 
Representative Ciro Rodriguez, TX 
Representative Kenny Marchant, TX 
Representative Lloyd Doggett, TX 
Representative Michael C. Burgess, TX 
Representative Solomon P. Ortiz, TX 
Representative Henry Cuellar, TX 
Representative Gene Green, TX 
Representative Eddie Bernice Johnson, TX 
Representative John Carter, TX 
Representative Pete Sessions, TX 
 

 
 
State and Local Government Agencies 
 
Montana 
Mark Baumler, SHPO, Montana Historical Society, Helena, MT 
Stan Wilmoth, SHPO, Montana Historical Society, Helena, MT 
Brenda Wood, Clerk, Fallon County, Baker, MT 
Dennis Afrank, Commissioner, Fallon County, Baker, MT 
Deb Ranum, Commissioner, Fallon County, Baker, MT 
Clayton Hornung, Mayor, City of Baker, Baker, MT 
Tim Barkley, Sheriff, Fallon County, Baker, MT 
Donald Schillinger, Superintendent, Baker K-12 Schools, Baker, MT 
Dennis Rehberg, Representative, Billings, MT 
Jonathan Windy Boy, Representative, Box Elder, MT 
Carol Lambert, Representative, Broadus, MT 
Dave Kasten, Representative, Brockway, MT 
Jim Peterson, Senator, Buffalo, MT 
Maridel Kassner, Clerk, McCone County, Circle, MT 
Njadi (Ned) Sikveland, Mayor, City of Circle, Circle, MT 
Dave Harris, Sheriff, McCone County, Circle, MT 
Mike Radakovich, Superintendent, Circle Public Schools, Circle, MT 
Troy Blunt, Commissioner, Phillips County, Dodson, MT 
Lesley Robinson, Commissioner, Phillips County, Dodson, MT 
Frank Frickanisce, Superintendent, Dodson Public Schools, Dodson, MT 
Vivian Taylor, Superintendent, Landusky Elementary, Dodson, MT 
Ann Marie Davis, Commissioner, Prairie County, Fallon, MT 
Lynn Mavencamp, Superintendent, Frazer Public Schools, Frazer, MT 
Doug Roberts, Superintendent, Lustre Christian High, Frazer, MT 
Bruce Peterson, Commissioner, Valley County, Ft. Peck, MT 
Lynne Nyquist, Clerk, Valley County, Glasgow, MT 
Dave Pippen, Commissioner, Valley County, Glasgow, MT 
Sam Kitzenberg, Senator, Glasgow, MT 
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Glen Meier, Sheriff, Valley County, Glasgow, MT 
Glenn Hageman, Superintendent, Glasgow K-12 Schools, Glasgow, MT 
Dan Carney, Mayor, City of Glasgow, Glassgow, MT 
Nancy Howard, Clerk, Dawson County, Glendive, MT 
Douglas Buxbaum, Commissioner, Dawson County, Glendive, MT 
Adam Gartner, Commissioner, Dawson County, Glendive, MT 
Jim Skillestad, Commissioner, Dawson County, Glendive, MT 
Jerry Jimison, Mayor, City of Glendive, Glendive, MT 
Edward Hilbert, Representative, Glendive, MT 
Craig Anderson, Sheriff, Dawson County, Glendive, MT 
Jim Germann, Superintendent, Glendive Public Schools, Glendive, MT 
Greg Jergeson, Chairman, Montana Public Service Commission, Helena, MT 
Evan Barrett, Chief Business Development Officer, Governors Office of Economic Development, Helena, MT 
Bruce Nelson, Chief of Staff, Helena, MT 
Brad Molnar, Commissioner, Montana Public Service Commission, Helena, MT 
Bob Raney, Commissioner, Montana Public Service Commission, Helena, MT 
Ken Toole, Commissioner, Montana Public Service Commission, Helena, MT 
Ron De Yong, Director, Montana Department of Agriculture, Helena, MT 
Anthony Preite, Director, Montana Department of Commerce, Helena, MT 
Richard Opper, Director, Montana Department of Environmental Quality, Helena, MT 
Mary Sexton, Director, Montana Department of Natural Resources and Conservation, Helena, MT 
Jim Lynch, Director, Montana Department of Transportation, Helena, MT 
Joe Maurier, Director, Montana Fish, Wildlife & Parks, Helena, MT 
Brian Schweitzer, Governor, Helena, MT 
Doug Mood, Vice Chairman, Montana Public Service Commission, Helena, MT 
John Bohlinger, Lt. Governor, Helena, MT 
David Reinhardt, Commissioner, Valley County, Hinsdale, MT 
Julie Gaffney, Superintendent, Hinsdale Public Schools, Hinsdale, MT 
Donald Reiger, Commissioner, Fallon County, Ismay, MT 
Janet Wolff, Commissioner, McCone County, Lindsay, MT 
Laurel Hines, Clerk, Phillips County, Malta, MT 
Byron Ereaux, Mayor, City of Malta, Malta, MT 
Thomas Miller, Sheriff, Phillips County, Malta, MT 
Kris Kuehn, Superintendent, Malta K-12 Schools, Malta, MT 
Patricia Hallett, Mayor, City of Nashua, Nashua, MT 
Gary Fisher, Superintendent, Nashua K-12 Schools, Nashua, MT 
John Marvin, Mayor, City of Opheim, Opheim, MT 
Leroy Nelson, Superintendent, Opheim K-12 Schools, Opheim, MT 
Keith Bales, Senator, Otter, MT 
Kalyn Bohle, Mayor, City of Plevna, Plevna, MT 
Jule Walker, Superintendent, Plevna K-12 Schools, Plevna, MT 
Margarett Campbell, Representative, Poplar, MT 
Frank Smith, Senator, Poplar, MT 
Brad Moore, Superintendent, Richey Public Schools, Richey, MT 
Alan Olson, Representative, Roundup, MT 
Howard Pippin, Mayor, City of Saco, Saco, MT 
Wayne Stahl, Representative, Saco, MT 
Glen Monson, Superintendent, Saco Public Schools, Saco, MT 
Donald Steinbeisser, Senator, Sidney, MT 
Todd Devlin, Commissioner, Prairie County, Terry, MT 
Bill Leach, Commissioner, Prairie County, Terry, MT 
Timothy Rittal, Public Administrator, Prairie County, Terry, MT 
William Klunder, Sheriff, Prairie County, Terry, MT 
Dale Kimmet, Superintendent, Terry K-12 Schools, Terry, MT 
Patrick Eggebrecht, Commissioner, McCone County, Vida, MT 
Richard Dunbar, Commissioner, Phillips County, Whitewater, MT 
Darin Cummings, Superintendent, Whitewater K-12 Schools, Whitewater, MT 
Matt Golik, Mayor, City of Wolf Point, Wolf Point, MT 
Connie Eissinger, Commissioner, McCone County, Brockway, MT  
Robert A. Nelson, Consumer Counsel, Helena, MT 
Dan Bucks, Department of Revenue, Helena, MT 
Todd Everts, Environmental Quality Council, Helena, MT 
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Greg Jergeson, Public Service Commission, Helena, MT 
 
Nebraska 
Bob Puschendorf, SHPO, Nebraska State Historical Society, Lincoln, NE 
Rich Walters, Manager, KBR Rural PPD, Ainsworth, NE 
Kathy Thorberg, Clerk, Boone County, Albion, NE 
Jerry Tisthammer, Commissioner, Boone County, Albion, NE 
David Spiegel, Sheriff, Boone County, Albion, NE 
Don Butterfield, Commissioner, Holt County, Atkinson, NE 
William Tielke, Commissioner, Holt County, Atkinson, NE 
William Mc Allister, Superintendent, West Holt Public Schools, Atkinson, NE 
Patricia Anderson, Clerk, Hamilton County, Aurora, NE 
Larry Fox, Commissioner, Hamilton County, Aurora, NE 
Jerry Hoegh, Commissioner, Hamilton County, Aurora, NE 
Kirk Handrup, Sheriff, Hamilton County, Aurora, NE 
William Curry, Chairman, Village of Ericson, Bartlett, NE 
Melvin Marker, Chairman, Village of Bartlett, Bartlett, NE 
Lorraine Woeppel, Clerk, Wheeler County, Bartlett, NE 
Jim Hoerle, Commissioner, Wheeler County, Bartlett, NE 
Jesse Plugge, Commissioner, Wheeler County, Bartlett, NE 
Jack Poulsen, Commissioner, Wheeler County, Bartlett, NE 
Adrian Lindsey, Sheriff, Wheeler County, Bartlett, NE 
Dan Hoesly, Superintendent, Wheeler Central Schools, Bartlett, NE 
Joyce Stahl, Clerk, Rock County, Bassett, NE 
Stan Larson, Commissioner, Rock County, Bassett, NE 
Becky Sawyer, Commissioner, Rock County, Bassett, NE 
James Schoenberg, Commissioner, Rock County, Bassett, NE 
Willis Haynes, Sheriff, Rock County, Bassett, NE 
David Wade, Superintendent, Rock County Public Schools, Bassett, NE 
Norman Stokebrand, Director, Lower Big Blue Natural Resources District, Beatrice, NE 
Kevin Pollard, Manager, Norris PPD, Beatrice, NE 
Wally Driewer, Commissioner, Hamilton County, Bradshaw, NE 
Linda Heermann, Clerk, Garfield County, Burwell, NE 
Vance Jeffres, Commissioner, Garfield County, Burwell, NE 
Nancy Polinoski, Commissioner, Garfield County, Burwell, NE 
Marty Robbins, Commissioner, Garfield County, Burwell, NE 
Larry Dean Donner, Sheriff, Garfield County, Burwell, NE 
Diana Wendt, Director, Lower Niobrara Natural Resources District, Butte, NE 
Tom Schuele, Commissioner, Boone County, Cedar Rapids, NE 
Carl Newquist, Commissioner, Nance County, Cedar Rapids, NE 
Amy Malander, Superintendent, Cedar Rapids Public Schools, Cedar Rapids, NE 
Marcia Wickmann, Clerk, Merrick County, Central City, NE 
D L Shorty Hahn, Commissioner, Merrick County, Central City, NE 
John Jefferson, Commissioner, Merrick County, Central City, NE 
Dan Schneiderheinz, Commissioner, Merrick County, Central City, NE 
Anthony McPhillips, Sheriff, Merrick County, Central City, NE 
Jeffrey West, Superintendent, Central City Public Schools, Central City, NE 
Robert Hanger, Superintendent, Chambers Public Schools, Chambers, NE 
Robert Husmann, Commissioner, Merrick County, Chapman, NE 
Herman Schuett, Commissioner, Merrick County, Chapman, NE 
Ron Hostetter, Manager, Cornhuskers PPD, Columbus, NE 
Ron Asche, President, Northeast NE PPD, Columbus, NE 
Janet Henning, Commissioner, Saline County, Crete, NE 
Willis Luedke, Commissioner, Saline County, Crete, NE 
Bill Wenz, Commissioner, Saline County, Crete, NE 
Lyle Heinrichs, Director, Little Blue Natural Resources District, Davenport, NE 
Thomas Rother, Superintendent, Meridian Public Schools, Daykin, NE 
Alan Ehlers, Superintendent, Tri County Public Schools, Dewitt, NE 
Marvin Kohout, Commissioner, Saline County, Dorchester, NE 
Dean Sidak, Commissioner, Holt County, Emmet, NE 
Donna Ziems, Commissioner, Holt County, Ewing, NE 
Thomas Sharp, Superintendent, Exeter-Milligan Public Schools, Exeter, NE 
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Sandra Stelling, Clerk, Jefferson County, Fairbury, NE 
Michael Dux, Commissioner, Jefferson County, Fairbury, NE 
Tony Likens, Commissioner, Jefferson County, Fairbury, NE 
Nels Sorenson, Sheriff, Jefferson County, Fairbury, NE 
Frederick Helmink, Superintendent, Fairbury Public Schools, Fairbury, NE 
Chris Effken, Superintendent, Friend Public Schools, Friend, NE 
Danette Zarek, Clerk, Nance County, Fullerton, NE 
Dennis Jarecke, Commissioner, Nance County, Fullerton, NE 
John Small, Commissioner, Nance County, Fullerton, NE 
Gretchen Treadway, Mayor, City of Fullerton, Fullerton, NE 
Davis Moore, Sheriff, Nance County, Fullerton, NE 
Jeff Anderson, Superintendent, Fullerton Public Schools, Fullerton, NE 
Amy Nelson, Clerk, Fillmore County, Geneva, NE 
Ray Capek, Commissioner, Fillmore County, Geneva, NE 
Larry Cerny, Commissioner, Fillmore County, Geneva, NE 
Jerry Galusha, Commissioner, Fillmore County, Geneva, NE 
Dennis Kimbrough, Commissioner, Fillmore County, Geneva, NE 
Robert Mueller, Commissioner, Fillmore County, Geneva, NE 
Albert Simacek, Commissioner, Fillmore County, Geneva, NE 
Steve Yates, Commissioner, Fillmore County, Geneva, NE 
William Burgess, Sheriff, Fillmore County, Geneva, NE 
Andrew Ditter, Commissioner, Nance County, Genoa, NE 
Curtis Peterson, Commissioner, Nance County, Genoa, NE 
Daryl Keiser, Director, Central Platte Natural Resources District, Grand Island, NE 
Dennis Racicky, Chairman, Village of Greeley, Greeley, NE 
Mindy Grossart, Clerk, Greeley County, Greeley, NE 
Michael Goldfish, Commissioner, Greeley County, Greeley, NE 
Bernard Meyer, Commissioner, Greeley County, Greeley, NE 
Douglas Wrede, Commissioner, Greeley County, Greeley, NE 
Dave Weeks, Sheriff, Greeley County, Greeley, NE 
Gene Haddix, Superintendent, Greeley-Wolbach Public Schools, Greeley, NE 
Eugene Bergen, Commissioner, York County, Henderson, NE 
Norman Yoder, Superintendent, Heartland Community Schools, Henderson, NE 
Bill Anderson, Chairman, Village of Hordville, Hordville, NE 
Anne Boyle, Chair, Nebraska Public Utility Commission, Lincoln, NE 
Larry Bare, Chief of Staff, Lincoln, NE 
Rod Johnson, Commissioner, Nebraska Public Utility Commission, Lincoln, NE 
Tim Schram, Commissioner, Nebraska Public Utility Commission, Lincoln, NE 
Gerald Vap, Commissioner, Nebraska Public Utility Commission, Lincoln, NE 
Mike Linder, Director, Nebraska Department of Environmental Quality, Lincoln, NE 
Rex Amack, Director, Nebraska Department of Game & Parks Commission, Lincoln, NE 
Lauren Hill, Director, Nebraska Policy Research, Lincoln, NE 
John Craig, Director, Nebraska Department of Roads, Lincoln, NE 
Dave Heineman, Governor, Lincoln, NE 
Rick Sheehy, Lt. Governor, Lincoln, NE 
Greg Adams, Senator, Lincoln, NE 
Annette Dubas, Senator, Lincoln, NE 
Deb Fischer, Senator, Lincoln, NE 
Russ Karpisek, Senator, Lincoln, NE 
Greg Adams, Senator, Lincoln, NE 
Deb Fischer, Senator, Lincoln, NE 
Russ Karpisek, Senator, Lincoln, NE 
Frank Landis, Jr, Vice Chair, Nebraska Public Utility Commission, Lincoln, NE 
Diane Westerholt , Nebraska Game and Parks Commission, Lincoln, NE 
Brian White, Chairman, Village of McCool Junction, McCool Junction, NE 
Curtis Cogswell, Superintendent, Mc Cool Junction Public Schools, McCool Junction, NE 
Richard Michl, Chairman, Village of Milligan, Milligan, NE 
Bruce Ritterbush, Commissioner, Keya Paha County, Mills, NE 
Ernie Van Horn, Chairperson, Village of Newport, Newport, NE 
Cathy Pavel, Clerk, Holt County, O'Neill, NE 
Robert Young, Commissioner, Holt County, O'Neill, NE 
Ted Hughes, Director, Upper Elkhorn Natural Resources District, O'Neill, NE 
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Ben Matchett, Sheriff, Holt County, O'Neill, NE 
Dean J. Rasmussen, Director, Lower Loup Natural Resources District, Ord, NE 
Chuck Fuhrer, Manager, Loup Valleys Rural PPD, Ord, NE 
Rex Weller, Commissioner, Merrick County, Palmer, NE 
Henry Santin, Jr, Commissioner, Nance County, Palmer, NE 
Henry Thiemann, Commissioner, Boone County, Petersburg, NE 
Marvin Yost, Commissioner, Jefferson County, Plymouth, NE 
Adrian Smith, Congressman, Scottsbluff, NE 
Dave Heineman, Governor, Scottsbluff, NE 
Norman Euse, Commissioner, Merrick County, Silver Creek, NE 
Robert Voichoskie, Commissioner, Nance County, Silver Creek, NE 
Daniel Hespe, Chairperson, Village of Burton, Springview, NE 
Karen Hollock, Clerk, Keya Paha County, Springview, NE 
Corey Nilson, Commissioner, Keya Paha County, Springview, NE 
Jeremiah Harmon, Sheriff, Keya Paha County, Springview, NE 
Katherine Meink, Superintendent, Keya Paha County Schools, Springview, NE 
Brian Lukasiewicz, Manager, Howard Greeley Rural PPD, St Paul, NE 
William Scheele, Chariman, Village of Steele City, Steele City, NE 
George Lyons, Manager, Polk County PPD, Stromsburg, NE 
Marvin Scholz, Commissioner, Holt County, Stuart, NE 
Robert Hanzlik, Superintendent, Stuart Public Schools, Stuart, NE 
Ralph Baxa, Chairman, Village of Tobias, Tobias, NE 
Monte Frauen, Commissioner, Keya Paha County, Valentine, NE 
Deb Fischer, Senator, Valentine, NE 
Kenneth Stuhr, Commissioner, York County, Waco, NE 
Frank Meyers, Chairman, Village of Western, Western, NE 
Douglas Drake, Commissioner, Saline County, Western, NE 
Linda Kastanek, Clerk, Saline County, Wilber, NE 
Russ Karpisek, Senator, Wilber, NE 
Alan Moore, Sheriff, Saline County, Wilber, NE 
Cynthia Heine, Clerk, York County, York, NE 
Augustus Brown, Jr, Commissioner, York County, York, NE 
Steve Neujahr, Commissioner, York County, York, NE 
Bob Wolfe, Commissioner, York County, York, NE 
Douglas Dickinson, Director, Upper Big Blue Natural Resources District, York, NE 
Jamey Pankoke, Manager, Perennial PPD, York, NE 
Chuck Harris, Mayor, City of York, York, NE 
Dale Radcliff, Sheriff, York County, York, NE 
Terrence Kenealy, Superintendent, York Public Schools, York, NE 
 
Oklahoma 
Melvena Heisch, SHPO, Oklahoma Historical Society, Oklahoma City, OK 
Neal Merriott, Associate District Judge, Atoka County Courthouse, Atoka, OK 
Raylene Hammond, County Clerk, Atoka County Sheriff's Office, Atoka, OK 
Harold W. Delay, County Commissioner, Atoka County Courthouse, Atoka, OK 
La Vaughn Henson, County Commissioner, Atoka County Courthouse, Atoka, OK 
Gilbert Wilson, County Commissioner, Atoka County Courthouse, Atoka, OK 
Gary McCool, County Sheriff, Atoka County Sheriff's Office, Atoka, OK 
Richard E. Branam, District Judge, Atoka County Courthouse, Atoka, OK 
Charles A. McCall III, Mayor, City of Atoka, Atoka, OK 
Sheila Kirk, Associate District Judge, Lincoln County Courthouse, Chandler, OK 
James Melson, Commissioner, Lincoln County Courthouse, Chandler, OK 
Ted O'Donnell, Commissioner, Lincoln County Courthouse, Chandler, OK 
Pat McGinnis, Commissioner, Lincoln County Courthouse, Chandler, OK 
Debbie Greenfield, County Clerk, Lincoln County Courthouse, Chandler, OK 
A.T. Brixey Jr., County Sheriff, Lincoln County Sheriff's Office, Chandler, OK 
Paul Vassar, Disctrict Judge, Lincoln County Courthouse, Chandler, OK 
Tom Knight, Mayor, City of Chandler, Chandler, OK 
D. Clay Mowdy, Associate District Judge, Coal County Courthouse, Coalgate, OK 
Eugina Loudermilk, County Clerk, Coal County Courthouse, Coalgate, OK 
Mike Hensley, County Commissioner, Coal County Courthouse, Coalgate, OK 
Alvin Pebworth, County Commissioner, Coal County Courthouse, Coalgate, OK 
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Johnny D. Ward, County Commissioner, Coal County Courthouse, Coalgate, OK 
Roy Deck, County Sheriff, Coal County Sheriff's Office, Coalgate, OK 
Mike Elkins, Mayor, City of Coalgate, Coalgate, OK 
Rocky L. Powers, Associate District Judge, Bryan County Courthouse, Durant, OK 
Patricia Bardy, County Clerk, Bryan County Courthouse, Durant, OK 
Ivan Kelly, County Commissioner, Bryan County Courthouse, Durant, OK 
Monty Montgomery, County Commissioner, Bryan County Courthouse, Durant, OK 
Tony Simmons, County Commissioner, Bryan County Courthouse, Durant, OK 
Bill Sturch, County Sheriff, Bryan County Sheriff's Office, Durant, OK 
Mark Campbell, District Judge, Bryan County Courthouse, Durant, OK 
Jerry W. Tomlinson, Mayor, City of Durant, Durant, OK 
Trace C. Sherrill, Special Judge, Bryan County Courthouse, Durant, OK 
Gordon Allen, Associate District Judge, Hughes County Courthouse, Holdenville, OK 
Sandy Moss, County Clerk, Hughes County Courthouse, Holdenville, OK 
Jerry W. Martin, County Commissioner, Hughes County Courthouse, Holdenville, OK 
Bobby Ray, County Commissioner, Hughes County Courthouse, Holdenville, OK 
Charles Skipworth, County Commissioner, Hughes County Courthouse, Holdenville, OK 
Houston Yeager, County Sheriff, Hughes County Sheriff's Office, Holdenville, OK 
Jack Barrett, Mayor, City of Holdenville, Holdenville, OK 
David N. Martin, Associate District Judge, Okfusee County Courthouse, Okemah, OK 
Dianne Flanders, County Clerk, Okfusee County Courthouse, Okemah, OK 
Dale Corky Fipps, County Commissioner, Okfusee County Courthouse, Okemah, OK 
Max Henry, County Commissioner, Okfusee County Courthouse, Okemah, OK 
Jack Pangle, County Commissioner, Okfusee County Courthouse, Okemah, OK 
Jack Choate Sr., County Sheriff, Okfusee County Sheriff's Office, Okemah, OK 
Lawrence W. Parish, District Judge, Okfusee County Courthouse, Okemah, OK 
John R. Hargrave, Mayor, City of Okemah, Okemah, OK 
Brad Henry, Governor, Oklahoma City, OK 
Dennis Adkins, House Representative, Oklahoma City, OK 
Speaker Chris Benge, House Speaker, Oklahoma City, OK 
Jari Askins, Lt. Governor, Oklahoma City, OK 
Brian Bingman, Oklahoma State Legislator, Oklahoma City, OK 
Harry Coates, Oklahoma State Legislator, Oklahoma City, OK 
Jay Paul Gumm, Oklahoma State Legislator, Oklahoma City, OK 
David Myers, Oklahoma State Legislator, Oklahoma City, OK 
Susan Paddock, Oklahoma State Legislator, Oklahoma City, OK 
Glenn Coffee, Oklahoma State Legislator, Oklahoma City, OK 
Mike Morgan, Oklahoma State Legislator, Oklahoma City, OK 
John Carey, Oklahoma State Representative, Oklahoma City, OK 
Lee Denney, Oklahoma State Representative, Oklahoma City, OK 
Dale Dewitt, Oklahoma State Representative, Oklahoma City, OK 
Rex Duncan, Oklahoma State Representative, Oklahoma City, OK 
Ryan Kiesel, Oklahoma State Representative, Oklahoma City, OK 
Ken Luttrell, Oklahoma State Representative, Oklahoma City, OK 
Danny Morgan, Oklahoma State Representative, Oklahoma City, OK 
Paul Roan, Oklahoma State Representative, Oklahoma City, OK 
Scott Meachum, Treasurer, Oklahoma City, OK 
April Sellers White, Associate District Judge, Creek County Courthouse, Sapulpa, OK 
Betty Rentz, County Clerk, County Courthouse, Sapulpa, OK 
Roger Boomer, County Commissioner, County Courthouse, Sapulpa, OK 
Johnny E. Burke, County Commissioner, County Courthouse, Sapulpa, OK 
Dana Hudgins, County Commissioner, County Courthouse, Sapulpa, OK 
Steve Toliver, County Sheriff, Creek County Sheriff's Office, Sapulpa, OK 
Douglas W.  Golden, District Judge, Creek County Courthouse, Sapulpa, OK 
Joe Sam Vassar, District Judge, Creek County Courthouse, Sapulpa, OK 
Doug Haught, Mayor, City of Sapulpa, Sapulpa, OK 
Mark Ihrig, Special Judge, Creek County Courthouse, Sapulpa, OK 
Richard A. Woolery, Special Judge, Creek County Courthouse, Sapulpa, OK 
Pete Seikel, Chair/City Manager, Central Oklahoma Economic Development District, Shawnee, OK 
Wayne Manley, Executive Director, Central Oklahoma Economic Development District, Shawnee, OK 
Linda Hartfield, County Clerk, Payne County Clerk's Office, Stillwater, OK 
Jim Arthur, County Commissioner, Payne County Clerk's Office, Stillwater, OK 
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Bill Deering, County Commissioner, Payne County Clerk's Office, Stillwater, OK 
Gloria Hesser, County Commissioner, Payne County Clerk's Office, Stillwater, OK 
Jim Arthur, County Commissioner, Payne County Clerk's Office, Stillwater, OK 
Bill Deering, County Commissioner, Payne County Clerk's Office, Stillwater, OK 
Carl C. Hiner, County Sheriff, Payne County Sheriff's Office, Stillwater, OK 
Tim Anderson, County Clerk, Seminole County Courthouse, Wewoka, OK 
Ted Eberle, County Commissioner, Seminole County Courthouse, Wewoka, OK 
Jvon James, County Commissioner, Seminole County Courthouse, Wewoka, OK 
Ray Stafford, County Commissioner, Seminole County Courthouse, Wewoka, OK 
Joe   Craig, County Sheriff, Wewoka County Sheriff's Office, Wewoka, OK 
John Hargrave, Mayor, City of Wewoka, Wewoka, OK 
Attorney General Drew Edmondson, Attorney General, Oklahoma City, OK  
Bob Anthony, Commissioners, Oklahoma City, OK  
Jeff Cloud, Commissioners, Oklahoma City, OK  
Jim Roth, Commissioners, Oklahoma City, OK  
Commissioner Bob Anthony, Corporation Commissioners, Oklahoma City, OK  
Commissioner Jeff Cloud, Corporation Commissioners, Oklahoma City, OK  
Commissioner Jim Roth, Corporation Commissioners, Oklahoma City, OK  
 
South Dakota 
Jay Vogt, SHPO, South Dakota State Historical Society, Pierre, SD 
Amy Rubingh, SHPO, South Dakota State Historical Society, Pierre, SD 
Elaine Jensen, Auditor, Butte County, Belle Fourche, SD 
Ken Hansen, Commissioner, Butte County, Belle Fourche, SD 
Stanley Harms, Commissioner, Butte County, Belle Fourche, SD 
Marvin Kindfater, Commissioner, Butte County, Belle Fourche, SD 
Kim Kling, Commissioner, Butte County, Belle Fourche, SD 
Dave Schneider, Mayor, City of Belle Fourche, Belle Fourche, SD 
Fred Lamphere, Sheriff, Butte County, Belle Fourche, SD 
Mark DeVries, Representative, Belvidere, SD 
Sylvia Chapman, Auditor, Perkins County, Bison, SD 
Jeff Van Vactor, Board President, City of Bison, Bison, SD 
Gary Larson, Commissioner, Perkins County, Bison, SD 
Kelly Serr, Sheriff, Perkins County, Bison, SD 
Sharon Soehren, Superintendent, Bison School District, Bison, SD 
Robert Mallow, Commissioner, Meade County, Black Hawk, SD 
Kathy Glines, Auditor, Harding County, Buffalo, SD 
Tim Brines, Board President, City of Buffalo, Buffalo, SD 
Kay Baier, Commissioner, Harding County, Buffalo, SD 
Robert Johnson, Commissioner, Harding County, Buffalo, SD 
William Clarkston, Sheriff, Harding County, Buffalo, SD 
Ruth Krogh, Superintendent, Harding County Public Schools, Buffalo, SD 
Jule Bartling, Senator, Burke, SD 
Gary Tennant, Commissioner, Harding County, Camp Crook, SD 
Virgil Novotny, Commissioner, Tripp County, Colome, SD 
Doris Miner, Commissioner, Tripp County, Dallas, SD 
Merrill Louder, Commissioner, Jones County, Draper, SD 
Thomas Van Norman, Representative, Eagle Butte, SD 
Mel Dutton, Superintendent, Faith School District, Faith, SD 
Mark Winter, Commissioner, Tripp County, Hamill, SD 
Jim Lintz, Senator, Hermosa, SD 
Dean Wink, Commissioner, Meade County, Howes, SD 
Kim Vanneman, Representative, Ideal, SD 
Ryan Maher, Senator, Isabel, SD 
Mary Austad, Superintendent, Kadoka Area School District, Kadoka, SD 
Pam Michalek, Auditor, Lyman County, Kennebec, SD 
Kim Halverson, Commissioner, Lyman County, Kennebec, SD 
Donald Manger, Sheriff, Lyman County, Kennebec, SD 
Walter Dauwen, Mayor, City of Lemmon, Lemmon, SD 
Willard Ottman, Commissioner, Perkins County, Lemon, SD 
Mike Schweitzer, Commissioner, Perkins County, Lemon, SD 
Norman Miles, Commissioner, Perkins County, Meadow, SD 
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Joe Woitte, Board President, City of Midland, Midland, SD 
Lawrence Schofield, Commissioner, Haakon County, Midland, SD 
Don Eymer, Commissioner, Haakon County, Milesville, SD 
Larry Lucas, Representative, Mission, SD 
Larry Lucas, Representative, Mission, SD 
John Brunskill, Auditor, Jones County, Murdo, SD 
Monte Anker, Commissioner, Jones County, Murdo, SD 
Pressler Seymour, Commissioner, Jones County, Murdo, SD 
Wayne Esmay, Mayor, City of Murdo, Murdo, SD 
Fred Koester, Sheriff, Jones County, Murdo, SD 
Gary Knispel, Superintendent, Jones School District, Murdo, SD 
Steve Smeenk, Commissioner, Butte County, Newell, SD 
Thomas Brunner, Representative, Nisland, SD 
Shirley Dennis, Auditor, Haakon County, Phillip, SD 
Neal Brunskill, Commissioner, Haakon County, Phillip, SD 
Rita O'Connell, Commissioner, Haakon County, Phillip, SD 
Melvin Smith, Commissioner, Haakon County, Phillip, SD 
Larry Hanes, Sheriff, Haakon County, Phillip, SD 
Kevin Morehart, Superintendent, Haakon School District, Phillip, SD 
Curtis Nupen, Commissioner, Meade County, Piedmont, SD 
Neil Fulton, Chief of Staff, Pierre, SD 
Gary Hanson, Commissioner, South Dakota Public Utilities Commission, Pierre, SD 
Dustin Johnson, Commissioner, South Dakota Public Utilities Commission, Pierre, SD 
Steve Kolbeck, Commissioner, South Dakota Public Utilities Commission, Pierre, SD 
Jim Soyer, Director - Legislative Affairs & Special Projects, Pierre, SD 
Mike Rounds, Governor, Pierre, SD 
Jim Bradford, Representative, Pierre, SD 
Thomas Brunner, Representative, Pierre, SD 
Mark DeVries, Representative, Pierre, SD 
Kent Juhnke, Representative, Pierre, SD 
Larry Lucas, Representative, Pierre, SD 
Gordon Pederson, Representative, Pierre, SD 
Thomas Van Norman, Representative, Pierre, SD 
Kim Vanneman, Representative, Pierre, SD 
Steve Pirner, Secretary, Department of Environment & Natural Resources, Pierre, SD 
Jeffrey Vonk, Secretary, Department of Game, Fish & Parks, Pierre, SD 
Thomas Dravland, Secretary, Department of Public Safety, Pierre, SD 
Darin Bergquist, Secretary, Department of Transportation, Pierre, SD 
Jule Bartling, Senator, Pierre, SD 
Cooper Garnos, Senator, Pierre, SD 
Jim Lintz, Senator, Pierre, SD 
Ryan Maher, Senator, Pierre, SD 
Theresa Two Bulls, Senator, Pierre, SD 
Jim Bradford, Representative, Pine Ridge, SD 
Willis Kopren, Commissioner, Perkins County, Prairie City, SD 
Betty Olson, Representative, Prairie City, SD 
Steve Perry, Commissioner, Lyman County, Presho, SD 
Dean Wagner, Commissioner, Harding County, Ralph, SD 
Julie Pearson, Auditor, Pennington County, Rapid City, SD 
Gale Holbrook, Commissioner, Pennington County, Rapid City, SD 
Ethan Schmidt, Commissioner, Pennington County, Rapid City, SD 
Nancy Trautman, Commissioner, Pennington County, Rapid City, SD 
Brenda Young, Commissioner, Pennington County, Rapid City, SD 
Gordon Howie, Representative, Rapid City, SD 
Don Holloway, Sheriff, Pennington County, Rapid City, SD 
Leroy Choal, Commissioner, Lyman County, Reliance, SD 
Charles Verhulst, Commissioner, Harding County, Reva, SD 
Lisa Schieffer, Auditor, Meade County, Sturgis, SD 
Dayle Hammock, Commissioner, Meade County, Sturgis, SD 
Jim Schroeder, Commissioner, Meade County, Sturgis, SD 
Kenneth McNenne, Senator, Sturgis, SD 
Ron Merwin, Sheriff, Meade County, Sturgis, SD 
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James Heinert, Superintendent, Meade School District, Sturgis, SD 
Rod Diedrich, Commissioner, Lyman County, Vivian, SD 
Ryan Huffman, Commissioner, Lyman County, Vivian, SD 
Kent Juhnke, Representative, Vivian, SD 
Gordon Pederson, Representative, Wall, SD 
James Kjerstad, Commissioner, Pennington County, Wall, SD 
Kathleen Flakus, Auditor, Tripp County, Winner, SD 
Greg English, Commissioner, Tripp County, Winner, SD 
Russ Phillips, General Manager, Tripp County WUD, Winner, SD 
Richard Lewis, Mayor, City of Winner, Winner, SD 
Clifford Schroeder, Sheriff, Tripp County, Winner, SD 
Mary Fisher, Superintendent, Winner School District, Winner, SD 
Tresh Swedlund, Commissioner, Tripp County, Witten, SD 
 
Texas 
Larry Oaks, SHPO, Texas Historical Commission, Austin, TX 
Carey Palmer, Mayor, City of Alto, Alto, TX 
John White, Mayor, City of Ames, Ames, TX 
Robert B. "Bob"  , County Clerk, Chambers County Courthouse, Anahuac, TX 
Mark Huddleston, County Commissioner - Precinct 1, Chambers County Courthouse, Anahuac, TX 
Judy Edmonds, County Commissioner - Precinct 2, Chambers County Courthouse, Anahuac, TX 
Gary Nelson, County Commissioner - Precinct 3, Chambers County Courthouse, Anahuac, TX 
Bill Wallace, County Commissioner - Precinct 4, Chambers County Courthouse, Anahuac, TX 
Jimmy Sylvia, County Judge, Chambers County Courthouse, Anahuac, TX 
Guy Robert Jackson, Mayor, City of Anahuac, Anahuac, TX 
Guy R. Jackson, Mayor, City of Anahuac, Anahuac, TX 
Vernon L. Bedair, Mayor, City of Arp, Arp, TX 
Dennis Ford, School Board President, ARP ISD, Arp, TX 
Toney Lowery, Superintendent, ARP ISD, Arp, TX 
Thomas Bohuslav, Director, Texas Department of Transportation, Austin, TX 
James T. (JD) Dossett, Director, Texas Department of Transportation, Austin, TX 
Eric Gleason, Director, Texas Department of Transportation, Austin, TX 
Bob Jackson, Director, Texas Department of Transportation, Austin, TX 
Zane L. Webb, Director, Texas Department of Transportation, Austin, TX 
Agustin (Gus) De La Rosa Jr., Director, Texas Department of Transportation - International Relations, Austin, TX 
Colonel Peter P. Flores, Director, Texas Parks & Wildlife, Austin, TX 
Field Engineering Branch, Texas Department of Transportation, Austin, TX 
Maintenance Engineering Branch Director, Texas Department of Transportation, Austin, TX 
Texas Department of Transportation - International Relations, Austin, TX 
Granville "Randy" Martin, Mayor, City of Azle, Azle, TX 
Robert Stephens, Mayor, City of Bailey, Bailey, TX 
Steven Leach, Mayor, City of Bayou Vista, Bayou Vista, TX 
Stephen H. DonCarlos, Mayor, City of Baytown, Baytown, TX 
Guido Persiani, Mayor, Beach City, Beach City, TX 
Kyle Hayes, City Manager, City of Beaumont, Beaumont, TX 
Carolyn L. Guidry, County Clerk, Jefferson County Courthouse, Beaumont, TX 
Eddie Arnold, County Commissioner - Precinct 1, Jefferson County Courthouse, Beaumont, TX 
Mark Domingue, County Commissioner - Precinct 2, Jefferson County Courthouse, Beaumont, TX 
Waymon D. Hallmark, County Commissioner - Precinct 3, Jefferson County Courthouse, Beaumont, TX 
Everette "Bo" Alfred, County Commissioner - Precinct 4, Jefferson County Courthouse, Beaumont, TX 
Ron Walker, County Judge, Jefferson County Courthouse, Beaumont, TX 
G. Mitch Woods, County Sheriff, Jefferson County Sheriff's Office, Beaumont, TX 
Becky Ames, Mayor, City of Beaumont, Beaumont, TX 
Tom Warner, Public Works Director, City of Beaumont, Beaumont, TX 
Ollis Whitaker, School Board President, Beaumont ISD, Beaumont, TX 
Carrol Thomas, Superintendent, Beaumont ISD, Beaumont, TX 
Cynthia Siegel, Mayor, City of Bellaire, Bellaire, TX 
Rebecca Ford, Mayor, City of Bevil Oaks, Bevil Oaks, TX 
Wayne Weese, Mayor, City of Big Sandy, Big Sandy, TX 
Lawrence Harper, School Board President, Big Sandy ISD, Big Sandy, TX 
Jerry Key, School Board President, Harmony ISD, Big Sandy, TX 
Scott Beene, Superintendent, Big Sandy ISD, Big Sandy, TX 
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Jed Whitaker, Superintendent, Harmony ISD, Big Sandy, TX 
Roger S. Johnson, Mayor, City of Blossom, Blossom, TX 
Tammy Rich, County Clerk, Fannin County Courthouse, Bonham, TX 
Ronnie Rhudy, County Commissioner - Precinct 1, Fannin County Courthouse, Bonham, TX 
Stanley Barker, County Commissioner - Precinct 2, Fannin County Courthouse, Bonham, TX 
Dewayne Strickland, County Commissioner - Precinct 3, Fannin County Courthouse, Bonham, TX 
Pat Hilliard, County Commissioner - Precinct 4, Fannin County Courthouse, Bonham, TX 
Butch Henderson, County Judge, Fannin County Courthouse, Bonham, TX 
Kenneth L. Moore, County Sheriff, Fannin County Courthouse, Bonham, TX 
Roy V. Floyd, Mayor, City of Bonham, Bonham, TX 
Roy V. Floyd, Mayor, City of Bonham, Bonham, TX 
J. Jason Waller, Mayor, City of Brookston, Brookston, TX 
A.W. Hines, Mayor, City of Bullard, Bullard, TX 
William T. Sanders, Mayor, City of China, China, TX 
Warner Wilson, Mayor, City of Chireno, Chireno, TX 
Vern Johnson, Mayor, City of Clear Lake Shores, Clear Lake Shores, TX 
Jill B.  Kirkonis, Mayor, City of Cleveland, Cleveland, TX 
Roy Darby, Mayor, City of Como, Como, TX 
Jana Jones, County Clerk, Delta County Courthouse, Cooper, TX 
Rip Templeton, County Commissioner - Precinct 1, Delta County Courthouse, Cooper, TX 
Max Moody, County Commissioner - Precinct 2, Delta County Courthouse, Cooper, TX 
Wayne Poole, County Commissioner - Precinct 3, Delta County Courthouse, Cooper, TX 
Mark Brantley, County Commissioner - Precinct 4, Delta County Courthouse, Cooper, TX 
Ted Carrington, County Judge, Delta County Courthouse, Cooper, TX 
G.R Wood, County Sheriff, Delta County Sheriff's Office, Cooper, TX 
Scotty Stegall, Mayor, City of Cooper, Cooper, TX 
Thomas Darden, School Board President, Cooper ISD, Cooper, TX 
Jason Marshall, Superintendent, Cooper ISD, Cooper, TX 
Grimes Fortune, Mayor, City of Corrigan, Corrigan, TX 
David Ray, School Board President, Corrigan Camden ISD, Corrigan, TX 
Thomas Bowman, Superintendent, Corrigan Camden ISD, Corrigan, TX 
Travis Baxley, Mayor, City of Cumby, Cumby, TX 
Jessie Johnson, Mayor, City of Cuney, Cuney, TX 
Don B. Richards, Mayor, City of Cushing, Cushing, TX 
Lynda Langham, School Board President, Cushing ISD, Cushing, TX 
Bob Caster, Superintendent, Cushing ISD, Cushing, TX 
Kelley Berry, Interim Superintendent, Hull Daisetta ISD, Daisetta, TX 
Lynn Wells, Mayor, City of Daisetta, Daisetta, TX 
Andrew McCreight, School Board President, Hull Daisetta ISD, Daisetta, TX 
Eloise Laird, CFO, Texas Parks & Wildlife Foundation, Dallas, TX 
Dick Davis, Executive Director, Texas Parks & Wildlife Foundation, Dallas, TX 
Courtney Eshelman Ivanov, Office Manager, Texas Parks & Wildlife Foundation, Dallas, TX 
Steve E. Stephens, Mayor, City of Dayton, Dayton, TX 
Wayne Riddle, Mayor, City of Deer Park, Deer Park, TX 
Gene Foster, Mayor, City of Deport, Deport, TX 
Edna Johnson, Mayor, City of Devers, Devers, TX 
Robert Kirkland, School Board President, Devers ISD, Devers, TX 
Larry Wadzeck, Superintendent, Devers ISD, Devers, TX 
Bill Brown, Mayor, City of Diboll, Diboll, TX 
Trey Wilkerson, School Board President, Diboll ISD, Diboll, TX 
Brent Hawkins, Superintendent, Diboll ISD, Diboll, TX 
Julie Masters, Mayor, City of Dickinson, Dickinson, TX 
Jackie Lackey, Mayor, Dodd City, Dodd City, TX 
Mike Lowery, School Board President, Douglass ISD, Douglass, TX 
Jay Tullos, Superintendent, Douglass ISD, Douglass, TX 
Willis C. Sammons, Mayor, City of Easton, Easton, TX 
Mary Dean Norris, Mayor, City of Ector, Ector, TX 
Brad Emel, Mayor, City of El Lago, El Lago, TX 
David J.H. Smith, Mayor, City of Friendswood, Friendswood, TX 
Bill Freeman, Chair/Cooke County Judge, Texoma Council of Government, Gainesville, TX 
R.P. "Bobby" Barrett, Mayor, City of Galena Park, Galena Park, TX 
Juanita Cotton, Mayor, City of Gallatin, Gallatin, TX 
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Mary Ann Daigle, County Clerk, Galveston County Courthouse, Galveston, TX 
Patrick Doyle, County Commissioner - Precinct 1, Galveston County Courthouse, Galveston, TX 
Bryan Lamb, County Commissioner - Precinct 2, Galveston County Courthouse, Galveston, TX 
Stephen D. Holmes, County Commissioner - Precinct 3, Galveston County Courthouse, Galveston, TX 
Ken Clark, County Commissioner - Precinct 4, Galveston County Courthouse, Galveston, TX 
James D. Yarbrough, County Judge, Galveston County Courthouse, Galveston, TX 
Marley Eugean Leonard Jr., County Sheriff, Galveston County Sheriff's Office, Galveston, TX 
Lyda Ann Thomas, Mayor, City of Galveston, Galveston, TX 
Patsy Nugent, Mayor, City of Garrison, Garrison, TX 
Peggy LaGrone, County Clerk, Upshur County Courthouse, Gilmer, TX 
James Crittenden, County Commissioner - Precinct 1, Upshur County Courthouse, Gilmer, TX 
Joe "Buddy" Ferguson, County Commissioner - Precinct 2, Upshur County Courthouse, Gilmer, TX 
Lloyd Crabtree, County Commissioner - Precinct 3, Upshur County Courthouse, Gilmer, TX 
Glen Campbell, County Commissioner - Precinct 4, Upshur County Courthouse, Gilmer, TX 
Dean Fowler, County Judge, Upshur County Courthouse, Gilmer, TX 
Anthony Betterton, County Sheriff, Upshur County Sheriff's Office, Gilmer, TX 
R.D. Cross, Mayor, City of Gilmer, Gilmer, TX 
Walter Derrick, Mayor, City of Gladewater, Gladewater, TX 
Garth Cockrell, School Board President, Gladewater ISD, Gladewater, TX 
Michael Morrison, Superintendent, Gladewater ISD, Gladewater, TX 
Nita Gokey, Mayor Pro Tem, City of Goodrich, Goodrich, TX 
Brad P. Bailey, Mayor, City of Groves, Groves, TX 
Warren L. Miller, Mayor, City of Hardin, Hardin, TX 
Charlotte Warner, School Board President, Hardin ISD, Hardin, TX 
Bob Parker, Superintendent, Hardin ISD, Hardin, TX 
Sam Bradley, Mayor, City of Hawkins, Hawkins, TX 
Sue V. Speck, Mayor, City of Hedwig Village, Hedwig Village, TX 
Joyce Lewis, County Clerk, Rusk County Courthouse, Henderson, TX 
Bill Hale, County Commissioner - Precinct 1, Rusk County Courthouse, Henderson, TX 
Mike Pepper, County Commissioner - Precinct 2, Rusk County Courthouse, Henderson, TX 
Freddy Swann, County Commissioner - Precinct 3, Rusk County Courthouse, Henderson, TX 
Harold Howell, County Commissioner - Precinct 4, Rusk County Courthouse, Henderson, TX 
Sandra Hodges, County Judge, Rusk County Courthouse, Henderson, TX 
Glen Deason, County Sheriff, Rusk County Sheriff's Office, Henderson, TX 
J.W. Fullen, Mayor, City of Henderson, Henderson, TX 
Michael Bell, School Board President, Henderson ISD, Henderson, TX 
Bobby Brown, Superintendent, Henderson ISD, Henderson, TX 
Lee A. Sander, Mayor, City of Hitchcock, Hitchcock, TX 
Murray Jackson, Mayor, City of Honey Grove, Honey Grove, TX 
Linda Montanio, School Board President, Honey Grove ISD, Honey Grove, TX 
Jan Cummins, Superintendent, Honey Grove ISD, Honey Grove, TX 
Addie Wiseman, Chair/City of Houston Councilwoman, Houston Galveston Area Council, Houston, TX 
Beverly B. Kaufman, County Clerk, Harris County Courthouse, Houston, TX 
El Franco Lee, County Commissioner - Precinct 1, Harris County Courthouse, Houston, TX 
Sylvia R. Garcia, County Commissioner - Precinct 2, Harris County Courthouse, Houston, TX 
Steve Radack, County Commissioner - Precinct 3, Harris County Courthouse, Houston, TX 
Jerry Eversole, County Commissioner - Precinct 4, Harris County Courthouse, Houston, TX 
Ed Emmett, County Judge, Harris County Courthouse, Houston, TX 
Tommy B. Thomas, County Sheriff, Harris County Courthouse, Houston, TX 
Jack Steele, Executive Director, Houston Galveston Area Council, Houston, TX 
Tom Kornegay, Executive Director, Houston Port Authority, Houston, TX 
Wade Battles, Managing Director, Houston Port Authority, Houston, TX 
Michael Andrews, Mayor, City of Spring Valley Village, Houston, TX 
Robin S. Border, Mayor, City of Hillshire Village, Houston, TX 
J. Robert "Bob" Dodson III, Mayor, City of Hunters Creek Village, Houston, TX 
Derry D. Essary, Mayor, City Bunker Hill Village, Houston, TX 
Bill White, Mayor, City of Houston, Houston, TX 
Robert Smith, Mayor, City of Hudson, Hudson, TX 
Donald G. "Donnie" McMannes, Mayor, City of Humble, Humble, TX 
Herman Woolbright, Mayor, City of Huntington, Huntington, TX 
Robert N. Haberle, Mayor, City of Jacksonville, Jacksonville, TX 
Victor Pierson, Mayor, City of Jamaica Beach, Jamaica Beach, TX 
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Walter G. Diggles, Executive Director, Deep East Texas Council of Governments, Jasper, TX 
Russell Hamley, Mayor, City of Jersey Village, Jersey Village, TX 
Don Elder Jr., Mayor, City of Katy, Katy, TX 
Greg Collins, Mayor, City of Kemah, Kemah, TX 
David Cleveland, Executive Director, East Texas Council of Government, Kilgore, TX 
Joe T. Parker, Mayor, City of Kilgore, Kilgore, TX 
Glenda Alston, County Clerk, Hardin County Courthouse, Kountze, TX 
Bob Burgess, County Commissioner - Precinct 1, Hardin County Courthouse, Kountze, TX 
Pat McGallion, County Commissioner - Precinct 2, Hardin County Courthouse, Kountze, TX 
Ken Pelt, County Commissioner - Precinct 3, Hardin County Courthouse, Kountze, TX 
Bobby Franklin, County Commissioner - Precinct 4, Hardin County Courthouse, Kountze, TX 
Billy Caraway, County Judge, Hardin County Courthouse, Kountze, TX 
Ed J. Cain, County Sheriff, Hardin County Sheriff's Office, Kountze, TX 
Richard Wroley, Flood Planes Administrator, Hardin County Courthouse, Kountze, TX 
Fred E. Williams, Mayor, City of Kountze, Kountze, TX 
Larry E. Crow, Mayor, City of La Marque, La Marque, TX 
Alton E. Porter, Mayor, City of La Porte, La Porte, TX 
Leon Hurse, Mayor, City of Ladonia, Ladonia, TX 
Robert Loftis, School Board President, Laneville ISD, Laneville, TX 
A. Ronald Tidwell, Superintendent, Laneville ISD, Laneville, TX 
Jerry Shults, Mayor, City of League City, League City, TX 
Anna Wallace, Mayor, City of Leggett, Leggett, TX 
Melvin Nesmith, School Board President, Leggett ISD, Leggett, TX 
Vicki Jones, Superintendent, Leggett ISD, Leggett, TX 
William J. Yoss, Mayor, City of Leonard, Leonard, TX 
Delia Sellers, County Clerk, Liberty County Courthouse, Liberty, TX 
Todd Fontenot, County Commissioner - Precinct 1, Liberty County Courthouse, Liberty, TX 
Lee Groce, County Commissioner - Precinct 2, Liberty County Courthouse, Liberty, TX 
Melvin Hunt, County Commissioner - Precinct 3, Liberty County Courthouse, Liberty, TX 
Norman Brown, County Commissioner - Precinct 4, Liberty County Courthouse, Liberty, TX 
Phil Fitzgerald, County Judge, Liberty County Courthouse, Liberty, TX 
Greg Arthur, County Sheriff, Liberty County Sheriff's Office, Liberty, TX 
Carl Pickett, Mayor, City of Liberty, Liberty, TX 
James E. Ballard, Mayor, City of Lindale, Lindale, TX 
Charles McMichael, Chairman/Cass County Judge, Arkansas-Texas Council of Government, Linden, TX 
Barbara Middleton, County Clerk, Polk County Courthouse, Livingston, TX 
Robert C. "Bob" Willis, County Commissioner - Precinct 1, Polk County Courthouse, Livingston, TX 
Ronnie Vincent, County Commissioner - Precinct 2, Polk County Courthouse, Livingston, TX 
James J. "Buddy" Purvis, County Commissioner - Precinct 3, Polk County Courthouse, Livingston, TX 
C.T. "Tommy" Overstreet, County Commissioner - Precinct 4, Polk County Courthouse, Livingston, TX 
John Thompson, County Judge, Polk County Courthouse, Livingston, TX 
Kenneth Hammack, County Sheriff, Polk County Sheriff's Office, Livingston, TX 
Ben R. Ogletree, Jr., Mayor, City of Livingston, Livingston, TX 
Bea Ellis, School Board President, Livingston ISD, Livingston, TX 
Darrell Myers, Superintendent, Livingston ISD, Livingston, TX 
Jo Ann Chastain, County Clerk, Angelina County Courthouse, Lufkin, TX 
Rick Harrison, County Commissioner - Precinct 1, Angelina County Courthouse, Lufkin, TX 
Kenneth Timmons, County Commissioner - Precinct 2, Angelina County Courthouse, Lufkin, TX 
Robert Loggins, County Commissioner - Precinct 3, Angelina County Courthouse, Lufkin, TX 
Lynn George, County Commissioner - Precinct 4, Angelina County Courthouse, Lufkin, TX 
Wes Suiter, County Judge, Angelina County Courthouse, Lufkin, TX 
Kent Henson, County Sheriff, Angelina County Sheriff's Office, Lufkin, TX 
Jack Gorden, Mayor, City of Lufkin, Lufkin, TX 
Mike Evans, School Board President, Hudson ISD, Lufkin, TX 
Mary Whiteker, Superintendent, Hudson ISD, Lufkin, TX 
Don Surratt, Mayor, City of Lumberton, Lumberton, TX 
N.R. "Pete" Smith, Mayor, City of Mineola, Mineola, TX 
Allen Owen, Mayor, Missouri City, Missouri City, TX 
Nick Dixon, Mayor, City of Mont Belvieu, Mont Belvieu, TX 
Peggy Arisco, Mayor, City of Morgan's Point, Morgan's Point, TX 
Harvey Graves, Mayor, City of Mount Enterprise, Mount Enterprise, TX 
Don Huffstetler, School Board President, Mount Vernon ISD, Mount Vernon, TX 
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Richard Flanagan, Superintendent, Mount Vernon ISD, Mount Vernon, TX 
Betty Crane, County Clerk, Franklin County Courthouse, Mt. Vernon, TX 
Danny Chitsey, County Commissioner - Precinct 1, Franklin County Courthouse, Mt. Vernon, TX 
Bobby R. Elbert, County Commissioner - Precinct 2, Franklin County Courthouse, Mt. Vernon, TX 
Deryl Carr, County Commissioner - Precinct 3, Franklin County Courthouse, Mt. Vernon, TX 
Sam Young, County Commissioner - Precinct 4, Franklin County Courthouse, Mt. Vernon, TX 
Jerry Hubble, County Judge, Franklin County Courthouse, Mt. Vernon, TX 
Charles J. White, County Sheriff, Franklin County Sheriff's Office, Mt. Vernon, TX 
J.D. Baumgardner, Mayor, City of Mt. Vernon, Mt. Vernon, TX 
Charles Simmons, Chair/Nacogdoches County Commissioner, Deep East Texas Council of Governments, 
Nacogdoches, TX 
Carol Wilson, County Clerk, Nacogdoches County Courthouse, Nacogdoches, TX 
Tom Bush, County Commissioner - Precinct 1, Nacogdoches County Courthouse, Nacogdoches, TX 
Reggie Cotton Jr., County Commissioner - Precinct 2, Nacogdoches County Courthouse, Nacogdoches, TX 
Charles Simmons, County Commissioner - Precinct 3, Nacogdoches County Courthouse, Nacogdoches, TX 
Tom Strickland, County Commissioner - Precinct 4, Nacogdoches County Courthouse, Nacogdoches, TX 
Joe English, County Judge, Nacogdoches County Courthouse, Nacogdoches, TX 
Thomas Kerss, County Sheriff, Nacogdoches County Sheriff's Office, Nacogdoches, TX 
Roger Van Horn, Mayor, City of Nacogdoches, Nacogdoches, TX 
Tom Davis, School Board President, Nacogdoches ISD, Nacogdoches, TX 
Rodney Hutto, Superintendent, Nacogdoches ISD, Nacogdoches, TX 
Donald C. "Don" Matter, Mayor, City of Nassau Bay, Nassau Bay, TX 
R.A. "Dick" Nugent, Mayor, City of Nederland, Nederland, TX 
Brent Weaver, School Board President, Nederland ISD, Nederland, TX 
Gail Krohn, Superintendent, Nederland ISD, Nederland, TX 
Mollie Ward, Mayor, City of New London, New London, TX 
Dan L. Stallings, Mayor, City of New Summerfield, New Summerfield, TX 
David Studdert, Mayor, City of Nome, Nome, TX 
Lew Vail, Mayor, City of Onalaska, Onalaska, TX 
Glenn Breazeale, Mayor, City of Ore City, Ore City, TX 
Robert Young, Mayor, City of Overton, Overton, TX 
Kathy Marlowe, County Clerk, Lamar County Courthouse, Paris, TX 
Lonnie Layton, County Commissioner - Precinct 1, Lamar County Courthouse, Paris, TX 
Lawrence Malone, County Commissioner - Precinct 2, Lamar County Courthouse, Paris, TX 
Rodney Pollard, County Commissioner - Precinct 3, Lamar County Courthouse, Paris, TX 
Jackie Wheeler, County Commissioner - Precinct 4, Lamar County Courthouse, Paris, TX 
M.C. Superville Jr., County Judge, Lamar County Courthouse, Paris, TX 
B. J.  McCoy, County Sheriff, Lamar County Sheriff's Office, Paris, TX 
Jessee James Freelen, Mayor, City of Paris, Paris, TX 
Jimmy Caffee, School Board President, Chism ISD, Paris, TX 
Gary Hilliard, School Board President, N. Lamar ISD, Paris, TX 
Diane Stegall, Superintendent, Chism ISD, Paris, TX 
James Dawson, Superintendent, N. Lamar ISD, Paris, TX 
Jack Douglass, Mayor, City of Pasadena, Pasadena, TX 
Tom Reid, Mayor, City of Pearland, Pearland, TX 
Warner Cheney, Mayor, City of Pecan Gap, Pecan Gap, TX 
Daniel Fenley, School Board President, Central ISD, Pollock, TX 
Allen Garner, Superintendent, Central ISD, Pollock, TX 
Deloris "Bobbie" Prince, Mayor, City of Port Arthur, Port Arthur, TX 
Glenn Johnson, Mayor, City of Port Neches, Port Neches, TX 
Tonie Leonart, School Board President, Carlisle ISD, Price, TX 
Michael Payne, Superintendent, Carlisle ISD, Price, TX 
Jerry Galloway, Chair/Wood County Commissioner, East Texas Council of Government, Quitman, TX 
Brenda Taylor, County Clerk, Wood County Courthouse, Quitman, TX 
Roy Don Shipp, County Commissioner - Precinct 1, Wood County Courthouse, Quitman, TX 
Jerry Gaskill, County Commissioner - Precinct 2, Wood County Courthouse, Quitman, TX 
Roger Pace, County Commissioner - Precinct 3, Wood County Courthouse, Quitman, TX 
Jerry Galloway, County Commissioner - Precinct 4, Wood County Courthouse, Quitman, TX 
Bryan Jeanes, County Judge, Wood County Courthouse, Quitman, TX 
Dwaine Daugherty, County Sheriff, Wood County Sheriff's Office, Quitman, TX 
Sammy D. Lange, Mayor, City of Quitman, Quitman, TX 
Claude L. Lewis, Mayor, City of Ravenna, Ravenna, TX 
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Bill Traweek, Mayor, City of Reklaw, Reklaw, TX 
James "Jimmy" Cooper, Mayor, City of Roxton, Roxton, TX 
Derek Martin, School Board President, Roxton ISD, Roxton, TX 
Kenneth Hall, Superintendent, Roxton ISD, Roxton, TX 
Laverne Lusk, County Clerk, Cherokee County Courthouse, Rusk, TX 
Moody Glass, County Commissioner - Precinct 1, Cherokee County Courthouse, Rusk, TX 
Kevin Pierce, County Commissioner - Precinct 2, Cherokee County Courthouse, Rusk, TX 
Mary Gregg, County Commissioner - Precinct 3, Cherokee County Courthouse, Rusk, TX 
Bryon Underwood, County Commissioner - Precinct 4, Cherokee County Courthouse, Rusk, TX 
Chris Davis, County Judge, Cherokee County Courthouse, Rusk, TX 
James Cambell, County Sheriff, Cherokee County Sheriff's Office, Rusk, TX 
Angela Raiborn, Mayor, City of Rusk, Rusk, TX 
Matt Wilson, School Board President, Saltillo ISD, Saltillo, TX 
Paul Jones, Superintendent, Saltillo ISD, Saltillo, TX 
Kenneth Foyil, School Board President, West Hardin County CISD, Saratoga, TX 
Sharon Tule, Superintendent, West Hardin County CISD, Saratoga, TX 
Mike Glass, Mayor, City of Savoy, Savoy, TX 
Robin Riley, Mayor, City of Seabrook, Seabrook, TX 
Frances Pelly, Executive Director, Texoma Council of Government, Sherman, TX 
Jayo Washington, Mayor, City of Shoreacres, Shoreacres, TX 
Herbert Muckleroy, Mayor, City of Silsbee, Silsbee, TX 
Bruce Robinson, Mayor, City of Sour Lake, Sour Lake, TX 
Gary Hidalgo, School Board President, Hardin-Jefferson ISD, Sour Lake, TX 
Shannon Holmes, Superintendent, Hardin-Jefferson ISD, Sour Lake, TX 
Joe Soto, Mayor, City of South Houston, South Houston, TX 
T.W. Garrett, Mayor, City of Splendora, Splendora, TX 
Leonard Scarcella, Mayor, City of Stafford, Stafford, TX 
Ronny Caldwell, School Board President, Sulphur Bluff ISD, Sulphur Bluff, TX 
Rick Beadles, Superintendent, Sulphur Bluff ISD, Sulphur Bluff, TX 
Debbie Shirley, County Clerk, Hopkins County Courthouse, Sulphur Springs, TX 
Beth Wisenbaker, County Commissioner - Precinct 1, Hopkins County Courthouse, Sulphur Springs, TX 
Burke Bullock, County Commissioner - Precinct 2, Hopkins County Courthouse, Sulphur Springs, TX 
Don Patterson, County Commissioner - Precinct 3, Hopkins County Courthouse, Sulphur Springs, TX 
Danny Evans, County Commissioner - Precinct 4, Hopkins County Courthouse, Sulphur Springs, TX 
Cletis Millsap, County Judge, Hopkins County Courthouse, Sulphur Springs, TX 
Butch Adams, County Sheriff, Hopkins County Sheriff's Office, Sulphur Springs, TX 
Yolanda Williams, Mayor, City of Sulphur Springs, Sulphur Springs, TX 
John Hadley, Mayor, City of Sulphur Springs, Sulphur Springs, TX 
Phil Cory, Mayor, City of Tatum, Tatum, TX 
Natalie S. O'Neill, Mayor, City of Taylor Lake Village, Taylor Lake Village, TX 
L.D. Williamson, Executive Director, Arkansas-Texas Council of Government, Texarkana, TX 
Matthew T. Doyle, Mayor, Texas City, Texas city, TX 
Charles E. Everts, Mayor, City of Tiki Island, Tiki Island, TX 
Getchen B. Fagan, Mayor, City of Tomball, Tomball, TX 
Tyler Bowman, Mayor, City of Hitchcock, Trenton, TX 
John Whitsell, Mayor, City of Troup, Troup, TX 
Joe McElroy, School Board President, Troup ISD, Troup, TX 
Marvin Beaty, Superintendent, Troup ISD, Troup, TX 
Bob Turner, City Manager, Smith County Courthouse, Tyler, TX 
Judy Carnes, County Clerk, Smith County Courthouse, Tyler, TX 
JoAnn Fleming, County Commissioner - Precinct 1, Smith County Courthouse, Tyler, TX 
William A. McGinnis, County Commissioner - Precinct 2, Smith County Courthouse, Tyler, TX 
Bobby Van Ness, County Commissioner - Precinct 3, Smith County Courthouse, Tyler, TX 
JoAnn Hampton, County Commissioner - Precinct 4, Smith County Courthouse, Tyler, TX 
Joel Baker, County Judge, Smith County Courthouse, Tyler, TX 
J.B. Smith, County Sheriff, Smith County Sheriff's Office, Tyler, TX 
Mark McDaniel, Deputy Manager, Smith County Courthouse, Tyler, TX 
Joey Seeber, Mayor, City of Tyler, Tyler, TX 
Gregory Ford, School Board President, Chapel Hill ISD, Tyler, TX 
Joe Stubblefield, Superintendent, Chapel Hill ISD, Tyler, TX 
Dwayne Hajek, Mayor, City of Waller, Waller, TX 
Donna Rogers, Mayor, City of Webster, Webster, TX 
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Jim Maddox, Mayor, City of Wells, Wells, TX 
Bob Kelly, Mayor, City of West University Place, West University Place, TX 
Larry G. Allen, Mayor, City of White Oak, White Oak, TX 
William L. "Bill" Goodson, Mayor, City of Whitewright, Whitewright, TX 
B.J. Stallings, Mayor, City of Windom, Windom, TX 
Kenneth Langley, School Board President, Winona ISD, Winina, TX 
Wiley Vonner, Superintendent, Winona ISD, Winina, TX 
Carolyn S. Jones, Mayor, City of Winnsboro, Winnsboro, TX 
Don Beaty, School Board President, Winsboro ISD, Winnsboro, TX 
Mark Bosold, Superintendent, Winsboro ISD, Winnsboro, TX 
Rusty Smith, Mayor, City of Winona, Winona, TX 
Jerry E. Miller, Mayor, City of Yantis, Yantis, TX 
Hulon Miller, Mayor, City of Zavalla, Zavalla, TX 
 
Libraries 
 
Kansas 
Arkansas City Library, Arkansas City, KS 
Bradford Memorial Library, El Dorado, KS 
Burns Public Library, Burns, KS 
Chapman Public Library, Chapman, KS 
Clay Center Carnegie Library, Clay Center, KS 
Clifton City Library, Clifton, KS 
Derby Public Library, Derby, KS 
Douglass Public Library, Douglass, KS 
Enterprise Public Library, Enterprise, KS 
Florence Public Library, Florence, KS 
Herington Public Library, Herington, KS 
Hope Community Library, Hope, KS 
Hope Community Library, Hope, KS 
Library District 1, Troy, KS 
Marion City Library, Marion, KS 
Marysville Public Library, Marysville, KS 
Morrill Free Public Library, Hiawatha, KS 
Oxford Public Library, Oxford, KS 
Potwin Public Library, Potwin, KS 
Seneca Free Library, Seneca, KS 
Wakefield Public Library, Wakefield, KS 
Washington Library, Washington, KS 
 
Montana 
Dodson Branch Library, Dodson, MT 
Fallon County Library, Baker, MT 
George McCone Memorial County Library, Circle, MT 
Glasgow City County Library, Glasgow, MT 
Glendive Public Library, Glendive, MT 
Opheim Community Library, Opheim, MT 
Phillips County Library, Malta, MT 
Prairie County Library, Terry, MT 
Richey Public Library, Richey, MT 
Saco Branch Library, Saco, MT 
Sharidan County Library, Plentywood, MT 
 
Nebraska 
Albion Public Library, Albion, NE 
Atkinson Public Library, Atkinson, NE 
Aurora Public Library, Aurora, NE 
Cedar Rapids Public Library, Cedar Rapids, NE 
Central City Public Library, Central City, NE 
Clarks Public Library, Clarks, NE 
Crete Public Library, Crete, NE 
Daykin Public Library, Daykin, NE 

De Witt Public Library, De Witt, NE 
Dorchester Public Library, Dorchester, NE 
Dvoracek Memorial Library, Wilber, NE 
Elgin Public Library, Elgin, NE 
Ewing Public Library, Ewing, NE 
Exeter Public Library, Exeter, NE 
Fairbury Public Library, Fairbury, NE 
Fairmount Public Library, Fairmount, NE 
Fullerton Public Library, Fullerton, NE 
Garfield County Library, Burwell, NE 
Geneva Public Library, Geneva, NE 
Genoa Public Library, Genoa, NE 
Gilbert Public Library, Friend, NE 
Giltner Public Library, Giltner, NE 
Greeley Public Library, Greeley, NE 
Gresham Public Library, Gresham, NE 
Keya Paha County Library, Springview, NE 
Kilgore Memorial Library, York, NE 
Milligan Public Library, Milligan, NE 
O'Neill Public Library, Oneill, NE 
Palmer Public Library, Palmer, NE 
Pastfinder Library, Crete, NE 
Perkins Library, Crete, NE 
Petersburg Public Library, Petersburg, NE 
Plymouth Public Library, Plymouth, NE 
Primrose Public Library, Primrose, NE 
Rock County Public Library, Bassett, NE 
Saint Edward Public Library, St Edward, NE 
Scotia Public Library, Scotia, NE 
Silver Creek Public Library, Silver Creek, NE 
Spalding Public Library, Spalding, NE 
Struckman-Baatz Public Library, Western, NE 
Stuart Township Library, Stuart, NE 
Sutton Public Library, Sutton, NE 
Tobias Public Library, Tobias, NE 
Virgil Biegert Public Library, Shickley, NE 
Wolbach Library, Wolbach, NE 
 
Oklahoma 
Alva Public Library, Alva, OK 
Bristow Public Library, Bristow, OK 
Cushing Public Library, Cushing, OK 
Drumright Public Library, Drumright, OK 
Fairfax Public Library, Fairfax, OK 
Haynie Public Library, Prague, OK 
Hugh Warren Memorial Library, Ada, OK 
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J W Martin Library (Northwestern Oklahoma State 
University), Alva, OK 
Newkirk Public Library, Newkirk, OK 
Pawnee Public Library, Pawnee, OK 
Pawnee Public Library, Pawnee, OK 
Perry Carnegie Library, Perry, OK 
Ponca City Library, Ponca City, OK 
Robert L Williams Public Library, Durant, OK 
Seminole Public Library, Seminole, OK 
Stillwater Public Library, Stillwater, OK 
Stroud Public Library, Stroud, OK 
Thomas-Wilhite Memorial Library, Perkings, OK 
 
South Dakota 
Belle Fourche Public Library, Belle Fourche, SD 
Bison Public Library, Bison, SD 
Colome Branch Library, Colome, SD 
Faith Public Library, Faith, SD 
General Beadle Elementary School and Library, 
Rapid City, SD 
Haakon County Public Library, Philip, SD 
Hill City Public Library, Hill City, SD 
Kennebec Public Library, Kennebec, SD 
Keystone Town Library, Keystone, SD 
Lemmon Public Library, Lemmon, SD 
Midland Community Library, Midland, SD 
Newell Public Library, Newell, SD 
Northwest Regional Library, Buffalo, SD 
Presho Public Library, Presho, SD 
Rapid City Public Library, Rapid City, SD 
Rawlins Municipal Library, Pierre, SD 
South Dakota State Library, Pierre, SD 
Sturgis Public Library, Sturgis, SD 
Tripp County Library, Winner, SD 
Wall Community Library, Wall, SD 
 
Texas 
Allen Memorial Public Library, Hawkins, TX 
Beaumont Public Library, Beaumont, TX 
Franklin County Public Library, Mt. Vernon, TX 
Gilbreath Memorial Library, Winnsboro, TX 
Jefferson County Library, Beaumont, TX 
Jones Public Library, Dayton, TX 
Kurth Memorial Library, Lufkin, TX 
Lee College Library, Baytown, TX 
Liberty Municipal Library, Liberty, TX 
Mary and John Gray Library, Lamar University, 
Beaumont, TX 
Murphy Memorial Library, Livingston, TX 
Nacogdoches Public Library, Nacogdoches, TX 
Paris Public Library, Paris, TX 
R C Miller Library, Beaumont, TX 
Sam Houston Regional Library & Research Center, 
Liberty, TX 
Shepherd Public Library, Shepherd, TX 
Sterling Municipal Library, Baytown, TX 
Stratford Branch Library, Highlands, TX 
Sulphur Springs Public Library, Sulphur Springs, TX 
Tyler Public Library, Tyler, TX 
West Chambers Branch Library, Mont Belvieu, TX 
Willard Library, Beaumont, TX 
 

Media 
 
Kansas 
Abilene Reflector-Chronicle, Abilene, KS 
KABI-AM, Abilene, KS 
KSAJ-FM, Abilene, KS 
Andover Journal Advocate, Andover, KS 
Arkansas City Traveler, Arkansas City, KS 
KSOK-AM, Arkansas City, KS 
Augusta Daily Gazette, Augusta, KS 
Nemaha County Journal-Leader, Centralia, KS 
KCLY-FM, Clay Center, KS 
KFRM-AM, Clay Center, KS 
The Clay Center Dispatch, Clay Center, KS 
The El Dorado Times, El Dorado, KS 
Hiawatha World, Hiawatha, KS 
Hillsboro Star Journal, Hillsboro, KS 
Horton Headlight, Horton, KS 
Marion County Record, Marion, KS 
Marysville Advocate, Marysville, KS 
Sabetha Herald, Sabetha, KS 
Seneca Courier Tribune, Seneca, KS 
Kansas Agriculture Network/ Kansas Information 
Network, Topeka, KS 
KDVV-FM, Topeka, KS 
KJTY-FM, Topeka, KS 
KMAJ-FM, Topeka, KS 
KSNT-TV, Topeka, KS 
KSNT-TV, Topeka, KS 
KTOP-AM, Topeka, KS 
KTPK-FM, Topeka, KS 
KTWU-TV, Topeka, KS 
The Associated Press, Topeka, KS 
The Topeka Capital-Journal, Topeka, KS 
The Topeka Capital-Journal, Topeka, KS 
The Topeka Capital-Journal, Topeka, KS 
The Topeka Capital-Journal, Topeka, KS 
The Topeka Capital-Journal Online, Topeka, KS 
The Topeka Metro News, Topeka, KS 
WIBW-AM, Topeka, KS 
WIBW-TV, Topeka, KS 
Washington County News, Washington, KS 
KAKE-TV, Wichita, KS 
KAKE-TV, Wichita, KS 
KAKE-TV, Wichita, KS 
KEYN-FM, Wichita, KS 
KFDI-FM, Wichita, KS 
KFH-FM, Wichita, KS 
KMUW-FM, Wichita, KS 
KPTS-TV, Wichita, KS 
KQAM-AM, Wichita, KS 
KRBB-FM, Wichita, KS 
KSAS-TV, Wichita, KS 
KSGL-AM, Wichita, KS 
KSNW-TV, Wichita, KS 
KSNW-TV, Wichita, KS 
KSNW-TV, Wichita, KS 
KWCH-TV, Wichita, KS 
KWCH-TV, Wichita, KS 
KZCH-FM, Wichita, KS 
KZSN-FM, Wichita, KS 
The Associated Press, Wichita, KS 
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The Wichita Eagle, Wichita, KS 
The Wichita Eagle, Wichita, KS 
The Wichita Eagle, Wichita, KS 
KKLE-AM, Winfield, KS 
KSWC-FM, Winfield, KS 
Winfield Daily Courier, Winfield, KS 
Winfield Daily Courier, Winfield, KS 
 
Montana 
Fallon County Times, Baker, MT 
Billings Gazette, Billings, MT 
Billings Outpost, Billings, MT 
Billings Times, Billings, MT 
KBLG 910 AM, Billings, MT 
KBUL 970 AM, Billings, MT 
KTVQ TV 2 (CBS) , Billings, MT 
KULR TV 8 (NBC), Billings, MT 
Yellowstone Public Radio, Billings, MT 
Circle Banner, Circle, MT 
Glasgow Courier, Glasgow, MT 
KLTZ & KLAN, Glasgow, MT 
Ranger-Review, Glendive, MT 
Ranger-Review, Glendive, MT 
Great Falls Tribune, Great Falls, MT 
KRTV TV 3 (CBS), Great Falls, MT 
Prairie Star, Great Falls, MT 
Phillips County News, Malta, MT 
Sheridan County News, Plentywood, MT 
The Terry Tribune, Terry, MT 
 
Nebraska 
Beatrice Daily Sun, Beatrice, NE 
The Burwell Tribune, Burwell, NE 
Colfax County Press, Clarkson, NE 
Columbus Telegram, Columbus, NE 
David City Banner Press, David City, NE 
Cedar County News, Hartington, NE 
The Lincoln Journal Star, Lincoln, NE 
Milford Times, Milford, NE 
Norfolk Daily News, Norfolk, NE 
Omaha World-Herald, Omaha, NE 
Seward County Independent, Seward, NE 
South Sioux City Star, South Sioux City, NE 
Stanton Register, Stanton, NE 
Stanton Register, Stanton, NE 
Wilber Republican, Wilber, NE 
York News - Times, York, NE 
 
Oklahoma 
The Ada Evening News, Ada, OK 
Durant Daily Democrat, Durant, OK 
KFOR TV 4 (NBC), Oklahoma City, OK 
KWTV TV 9 (CBS), Oklahoma City, OK 
NewsOK (The Oklahoman), Oklahoma City, OK 
The Journal Record, Oklahoma City, OK 
The Ponca City News, Ponca City, OK 
Shawnee News-Star, Shawnee, OK 
KOSU FM 91.7, Stillwater, OK 
Stillwater News-Press, Stillwater, OK 
 
South Dakota 
Aberdeen American News, Aberdeen, SD 

AberdeenNews.com, Aberdeen, SD 
KSDN-AM/KGIM-AM, Aberdeen, SD 
KSDN-FM, Aberdeen, SD 
Alcester Union, Alcester, SD 
Belle Fourche Post, Belle Fourche, SD 
Beresford Republic, Beresford, SD 
Bridgewater Tribune, Bridgewater, SD 
Britton Journal and Britton Langford Bugle, Britton 
Nation's Center News, Buffalo, SD 
Canistota Clipper, Canistota, SD 
Canova Herald, Canova, SD 
Centerville Journal, Centerville, SD 
Clark County Courier, Clark, SD 
KMEG-TV, Dakota Dunes, SD 
De Smet News, De Smet, SD 
The Leader Courier, Elk Point, SD 
Faith Independent Newspaper, Faith, SD 
Groton Independent, Groton, SD 
Miner County Pioneer, Howard, SD 
Huron Plainsman, Huron, SD 
Lennox Independent, Lennox, SD 
Marion Record, Marion, SD 
Parker New Era, Parker, SD 
Parkston Advance, Parkston, SD 
The Pioneer Review, Philip, SD 
Lyman County Herald, Presho, SD 
KEVN-TV, Rapid City, SD 
KOTA Radio and Television, Rapid City, SD 
Rapid City Journal, Rapid City, SD 
Salem Special, Salem, SD 
Argus Leader, Sioux Falls, SD 
Argus Leader Online, Sioux Falls, SD 
Good Morning Dakota, Sioux Falls, SD 
KAUR-FM, Sioux Falls, SD 
KCLO-TV, Sioux Falls, SD 
KDLT-TV, Sioux Falls, SD 
KMXC-FM, Sioux Falls, SD 
KNWC-AM, Sioux Falls, SD 
KRSD-FM, Sioux Falls, SD 
KSFY-TV, Sioux Falls, SD 
KTWB-FM, Sioux Falls, SD 
KWSN-AM, Sioux Falls, SD 
KXRB-AM, Sioux Falls, SD 
Midday News, Sioux Falls, SD 
Morning News, Sioux Falls, SD 
The 10PM News, Sioux Falls, SD 
The 10PM News, Sioux Falls, SD 
The 6PM News, Sioux Falls, SD 
The 6PM News, Sioux Falls, SD 
KBHE-FM, Vermillion, SD 
KESD-TV, Vermillion, SD 
KUSD-FM, Vermillion, SD 
Plain Talk, Vermillion, SD 
Webster Reporter & Farmer, Webster, SD 
KVHT-FM/KVIA-AM, Yankton, SD 
KYNT, Yankton, SD 
Yankton Press & Dakotan, Yankton, SD 
 
Texas 
Beaumont Enterprise, Beaumont, TX 
KFDM-TV, Beaumont, TX 
KVLU FM 91.3, Beaumont, TX 
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KSHN FM, Liberty, TX 
Liberty County Outlook, Liberty, TX 
Liberty Vindicator, Liberty, TX 
The Lindale News & Times, Lindale, TX 
Polk County Enterprise, Livingston, TX 
KTRE TV 9 (ABC), Lufkin, TX 
The Lufkin Daily News, Lufkin, TX 
Nacogdoches Daily Sentinel, Nacogdoches, TX 
The Paris News, Paris, TX 
Country World News, Sulphur Springs, TX 
The Sulphur Springs News-Telegram, Sulphur 
Springs, TX 
KETK TV 56 (NBC), Tyler, TX 
Tyler Morning Telegraph, Tyler, TX 
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Indian Tribes 
 
Arizona 
Carrie Wilson, Cultural Resource Director, Quapaw Tribe, AR 
 
Colorado 
Clement Frost, Chairman, Southern Ute Indian Tribe, CO 
Manual Heart, Chairman, Ute Mountain Tribe, CO 
Carl Knight, Land Manager, Ute Mountain Tribe, CO 
 
Iowa 
Homer Bear, Chairman, Sac and Fox Tribe of the Mississippi in Iowa, IA 
Jonathan Buffalo, Tribal Historic Preservation Officer, Sac and Fox Tribe of the Mississippi in Iowa, IA 
 
Idaho 
Rebecca Miles, Chairman, Nez Perce Tribal Executive Committee, ID 
Carolyn Boyer-Smith, Cultural Resources Coordinator, Shoshone-Bannock Tribe, ID 
Alonzo Coby, Chairman, Shoshone-Bannock Tribe, ID 
 
Kansas 
Leon Campbell, Chairman, Iowa Tribe of Kansas and Nebraska, KS 
Patt Murphy, NAGPRA, Iowa Tribe of Kansas and Nebraska, KS 
Steve Cadue, Chairman, Kickapoo Tribe of Kansas, KS 
Kenneth Jessepe, THPO/ NAGPRA, Kickapoo Tribe of Kansas, KS 
Steve Ortiz, Chairman, Prairie Band of Potawatomi Indians, KS 
Shayla Hale, Tribal Historic Preservation Office, Prairie Band of Potawatomi Indians, KS 
Sandra Keo, Chairwoman, Sac and Fox Nation of Missouri in Kansas and Nebraska, KS 
Deanne Bahr, Tribal Historic Preservation Officer, Sac and Fox Nation of Missouri in Kansas and Nebraska 
 
Louisiana 
Christine Norris, Chief, Jena Band of Choctaw Indians, LA 
 
Michigan 
D.K. Sprague, Chairman, Gun Lake Potawatomi, MI 
Ed Pigeon, Cultural Resources Officer, Gun Lake Potawatomi, MI 
Kenneth Meshigaud, Chairman, Hannahville Indian Community of Michigan, MI 
Earl Meshigaud, Cultural Director, Hannahville Indian Community of Michigan, MI 
Laura Spurr, Chairman, Huron Potawatomi Nation, MI 
David Jones, Environmental Director, Huron Potawatomi Nation, MI 
Mike Zimmerman, Chairman, Pokagon Band of Potawatomi Indians of Michigan, MI 
Mark Parrish, Tribal Historic Preservation Officer, Pokagon Band of Potawatomi Indians of Michigan, MI 
 
Minnesota 
Sheldon Peters Wolfchild, President, Lower Sioux Indian Community, MN 
Pamela Halverson, Tribal Historic Preservation Officer, Lower Sioux Indian Community, MN 
Natalie Weyaus, Tribal Historic Preservation Officer, Mille Lacs Band of Ojibwe, MN 
Melanie Benjamin, Chairperson, Mille Lacs Band of Ojibwe, MN 
Audrey Bennett, President, Prairie Island Indian Community, MN 
Mark Morgan, Tribal Historian, Prairie Island Indian Community, MN 
Floyd Jourdain, Chairman, Red Lake Band of Chippewa Indians of Minnesota, MN 
Stanley R. Crooke, Chairman, Shakopee Mdewakanton Sioux, MN 
Leonard Wabasha, Cultural Specialist, Shakopee Mdewakanton Sioux, MN 
Kevin Jensvold, Chairman, Upper Sioux-Pezihutazizi Kapi, MN 
sCultural Resources Department, Upper Sioux-Pezihutazizi Kapi, MN 
Erma Vizenor, Chairwoman, White Earth Band of Minnesota Chippewa, MN 
Tom McCauley, Tribal Historic Preservation Officer, White Earth Band of Minnesota Chippewa, MN 
 
Missouri 
Glenna Wallace, Chief, Eastern Shawnee Tribe, MO 
Robin Durshane, THPO/CPD, Eastern Shawnee Tribe, MO 
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Montana 
Willie Sharp, Chairman, Blackfeet Nation, MT 
John Murray, Tribal Historic Preservation Officer, Blackfeet Nation, MT 
Alvin Windy Boy, , Chippewa Cree Tribe, MT 
James Steele, Jr., Chairman, Confederated Salish and Kootenai Tribes of the Flathead Indian Nation, MT 
Francis Auld, Tribal Historic Preservation Officer, Confederated Salish and Kootenai Tribes of the Flathead 
Indian Nation, MT 
Marcia Pablo, Tribal Preservation Officer, Confederated Salish and Kootenai Tribes of the Flathead Indian 
Nation, MT 
Arlene Caye, Tribal Preservation Office, Confederated Salish and Kootenai Tribes of the Flathead Indian 
Nation, MT 
Dale Old Horn, Tribal Historic Preservation Officer, Crow Tribe of Indians, MT 
Cedric Black Eagle, Chairman, Crow Tribe of Indians, MT 
Curley Youpee, Tribal Historic Preservation Officer, Fort Peck Tribes, MT 
A.T. Rusty Stafne, Chairman, Fort Peck Tribes, MT 
Julia Doney, President, Gros Ventre and Assiniboine Tribe of Ft. Belknap, MT 
John Allen, Councilman, Gros Ventre and Assiniboine Tribe of Ft. Belknap, MT 
Leroy Spang, President, Northern Cheyenne Tribe, MT 
Conrad Fisher, Tribal Historic Preservation Officer, Northern Cheyenne Tribe, MT 
Ina Nez Perce, White Clay Society, MT 
Morris Belgard, White Clay Society, MT 
 
North Carolina 
Mitchell Hicks, Chief, Eastern Band of Cherokee Indians, NC 
Russell Townsend, Tribal Historic Preservation Officer, Eastern Band of Cherokee Indians, NC 
 
North Dakota 
Kenneth Graywater, Sr., NAGPRA, Spirit Lake Tribe, ND 
Myra Pearson, Chairperson, Spirit Lake Tribe, ND 
Ron His Horse is Thunder, Chairman, Standing Rock Sioux Tribe, ND 
Pete Coffey, Jr., Tribal Historic Preservation Office, Three Affiliated Tribes, ND 
Marcus Wells, Jr., Chairman, Three Affiliated Tribes, ND 
Walt Moran, Chairman, Trenton Indian Service Area, ND 
Alfred Slater, Trenton Indian Service Area, ND 
Richard Marcellais, Chairman, Turtle Mountain Band of the Chippewa, ND 
Brady Paul Grant, Tribal Historic Preservation Officer, Turtle Mountain Band of the Chippewa, ND 
Waste'Win Young, Tribal Historic Preservation Officer, Standing Rock Sioux, ND  
 
Nebraska 
Tony Provost, Tribal Historic Preservation Officer, Omaha Tribe of Nebraska, NE 
Amen Sheridan, Chairman, Omaha Tribe of Nebraska, NE 
Larry Wright Jr, Chairman, Ponca Tribe of Nebraska, NE 
Gary Robinette, Director of Cultural Affairs, Ponca Tribe of Nebraska, NE 
Roger Trudell, Chairman, Santee Sioux Tribe of Nebraska, NE 
Robert Campbell, Secretary, Santee Sioux Tribe of Nebraska, NE 
John Blackhawk, Chairman, Winnebago Tribe, NE 
David Smith, NAGPRA, Winnebago Tribe, NE 
 
New Mexico 
Levi Pesata, President, Jicarilla Apache Tribe, NM 
Lorene Willis, Director of Cultural Affairs, Jicarilla Apache Tribe, NM 
 
Oklahoma 
Scott Miller, Governor, Absentee-Shawnee Tribe of Indians of Oklahoma, OK 
Karen Kaniatobe, Tribal Historic Preservation Officer, Absentee-Shawnee Tribe of Indians of Oklahoma, OK 
Tarpie Yargee, Chief, Alabama Quassarte Tribal Town, OK 
Alonzo Chalepah, Chairman, Apache Tribe, OK 
LaRue Martin Parker, Chairman, Caddo Nation of Oklahoma, OK 
Robert Cast, Tribal Historic Preservation Officer, Caddo Nation of Oklahoma, OK 
Chad Smith, Principal Chief, Cherokee Nation, OK 
Dr. Richard Allen, Tribal Historic Preservation Officer, Cherokee Nation, OK 
Darryl Flyingman, Governor, Cheyenne-Arapaho Tribe of Oklahoma, OK 
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Gordon Yellowman, NAGPRA, Cheyenne-Arapaho Tribe of Oklahoma, OK 
Bill Anoatubby, Governor, Chickasaw Nation of Oklahoma, OK 
Eddie Postoak, Director, Cultural Resources Department, Chickasaw Nation of Oklahoma, OK 
Terry Cole, Tribal Preservation Officer, Choctaw Nation of Oklahoma, OK 
Gregory Pyle, Chief, Choctaw Nation of Oklahoma, OK 
John Barrett, Chairman, Citizen Potawatomi Nation, OK 
Jon Boursaw, Executive Director Cultural Heritage, Citizen Potawatomi Nation, OK 
Jimmy Arterberry, NAGPRA, Comanche Nation, OK 
Wallace Coffey, Chairman, Comanche Nation, OK 
Kerry Holton, President, Delaware Nation, OK 
Tamara Francis, Cultural Resources Officer, Delaware Nation, OK 
Jerry Douglas, Chief, Delaware Tribe of Indians, OK 
Dr. Brice Obermeyer, NAGPRA, Delaware Tribe of Indians, OK 
Jeff Houser, Chairman, Fort Sill Apache Tribe, OK 
Leland Michael Darrow, Tribal Historian, Fort Sill Apache Tribe, OK 
Christie Modlin, Chairperson, Iowa Tribe of Oklahoma, OK 
Joyce Miller, Tribal Historic Preservation Officer, Iowa Tribe of Oklahoma, OK 
Guy Munroe, Chairman, Kaw Nation, OK 
Crystal Douglas, NAGPRA, Kaw Nation, OK 
Tiger Hobia, Mekko, Kialegee Tribal Town of the Creek Nation of Oklahoma, OK 
Henry Harjo, Environmental Director, Kialegee Tribal Town of the Creek Nation of Oklahoma, OK 
Marlon Frye, Chairman, Kickapoo Tribe of Oklahoma, OK 
Kent Collier, NAGPRA, Kickapoo Tribe of Oklahoma, OK 
Don Tofpi, Chairman, Kiowa Indian Tribe of Oklahoma, OK 
Thomas Gamble, Chairman, Miami Tribe of Oklahoma, OK 
Joshua Sutterfield, Cultural Resource Officer, Miami Tribe of Oklahoma, OK 
Joyce A. Bear, Tribal Historic Preservation Officer, Muscogee Creek Nation, OK 
A.D. Ellis, Chief, Muscogee Creek Nation, OK 
Jim Gray, Chief, Osage Nation, OK 
Dr. Andrea Hunter, Tribal Historic Preservation Officer, Osage Nation, OK 
John Shotton, Chairman, Otoe-Missouri Tribe, OK 
Richard Goulden, NAGPRA, Otoe-Missouri Tribe, OK 
Rhonda Dixon, Historical Librarian, Ottawa Tribe of Oklahoma, OK 
John Ballard, Chief, Ottawa Tribe of Oklahoma, OK 
Misty Nuttle, THPO, Pawnee Nation of Oklahoma, OK 
George Howell, President, Pawnee Nation of Oklahoma, OK 
Charles A. Lone Chief, Pawnee Nation of Oklahoma, OK 
John P. Froman, Chief, Peoria Indian Tribe of Oklahoma, OK 
Emmett 'Bud' Ellis, NAGPRA, Peoria Indian Tribe of Oklahoma, OK 
John Berrey, Chairman, Quapaw Tribal Business Committee, OK 
George Thurman, Principal Chief, Sac & Fox Nation of Oklahoma, OK 
Sandra Massey, Tribal Historic Preservation Officer, Sac & Fox Nation of Oklahoma, OK 
E. Kelly Haney, Principal Chief, Seminole Nation, OK 
Historic Preservation Office, Seminole Nation, OK 
LeRoy Howard, Chief, Seneca-Cayuga Tribe of Oklahoma, OK 
Ron Sparkman, Chairman, Shawnee Tribe, OK 
Nicky Smith, Assist. THPO, Shawnee Tribe, OK 
Vernon Yarholar, Mekko, Thlopthlocco Tribal Town, OK 
Don Patterson, President, Tonkawa Tribe, OK 
Miranda Allen, NAGPRA, Tonkawa Tribe, OK 
George Wickliffe, Chief, United Keetoowah Band of Cherokee Indians, OK 
Lisa Stopp, Tribal Historic Preservation Office, United Keetoowah Band of Cherokee Indians, OK 
Leslie Standing, President, Wichita and Affiliated Tribes, OK 
Leoford Bearskin, Chief, Wyandotte Nation, OK 
Sheri Clemons, NAGPRA, Wyandotte Nation, OK 
 
South Dakota 
Joseph Brings Plenty, Chairman, Cheyenne River Sioux, SD 
Donna Rae Peterson, THPO, Cheyenne River Sioux Tribe, SD 
Lester Thompson, Jr., Chairperson, Crow Creek Sioux Tribe, SD 
Brandon Sazue, Tribal Historic Preservation Officer, Crow Creek Sioux Tribe, SD 
Josh Weston, President, Flandreau Santee Sioux Tribe, SD 
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Sam Allen, Tribal Historic Preservation Officer, Flandreau Santee Sioux Tribe, SD 
Charles & Elaine Quiver, Gray Eagle Society, SD 
Michael Jandreau, Chairman, Lower Brule Sioux Tribe, SD 
Clair Green, Cultural Resource Officer, Lower Brule Sioux Tribe, SD 
Theresa Two Bulls, Madam President, Oglala Sioux Tribe, SD 
Roberta Joyce Whiting, Tribal Historic Preservation Officer, Oglala Sioux Tribe, SD 
Rodney Bordeaux, President, Rosebud Sioux Tribe, SD 
Russell Eagle Bear, Tribal Historic Preservation Officer, Rosebud Sioux Tribe, SD 
Michael Selvage, Chairman, Sisseton-Wahpeton Oyate Sioux, SD 
Dianne Desrosiers, Tribal Historic Preservation Officer, Sisseton-Wahpeton Oyate Sioux, SD 
Chairperson, Sisseton-Wahpeton Oyate Wahpekutze, SD 
Bonnie Rencountre, Tribal Historic Preservation Office, Sisseton-Wahpeton Oyate Wahpekutze, SD 
Jolene Arrow, Historic Preservation Committee, Yankton Reservation, SD 
Robert Cournoyer, Chairman, Yankton Sioux, SD 
Faith Spotted Eagle, Tribal Historic Preservation Officer, Yankton Sioux, SD 
Frank Jandreau, Council Member, Yankton Sioux Tribal Council, SD 
 
Texas 
Oscola Clayton Sylestine, Principal Chief, Alabama-Coushatta Tribe of Texas, TX 
Bryant J. Celestine, Tribal Historic Preservation Office, Alabama-Coushatta Tribe of Texas, TX 
Juan Garza, Kickapoo Traditional Tribe of Texas, TX 
Mary Jane Salgado, Cultural Resource Officer, Kickapoo Traditional Tribe of Texas, TX 
Frank Paiz, Governor, Ysleta del Sur Pueblo, TX 
Tribal Historic Preservation Office, Ysleta del Sur Pueblo, TX 
 
Utah 
Maxine Natchees, Chairperson, Northern Ute Tribe, UT 
Betsy Chapoose, Cultural Resource Officer, Northern Ute Tribe, UT 
 
Wisconsin 
Harold Frank, Chairperson, Forest County Potawatomi Community of Wisconsin Potawatomi Indians, WI 
Mike Alloway, Sr., Cultural Resources Department, Forest County Potawatomi Community of Wisconsin 
Potawatomi Indians, WI 
George Lewis, President, Ho-Chunk Nation of Wisconsin, WI 
William Quackenbush, Tribal Historic Preservation Officer, Ho-Chunk Nation of Wisconsin, WI 
Chairperson, Stockbridge-Munsee Tribe, WI 
 
Wyoming 
Ivan D. Posey, Chairman, Eastern Shoshone Tribe, WY 
Reed Tidzump, Tribal Historic Preservation Officer, Eastern Shoshone Tribe, WY 
Jo Ann White, Tribal Historic Preservation Office, Northern Arapaho Tribe, WY 
Richard Brannan, Chairman, Northern Arapaho Tribe, WY 
 
Private Landowners and other Interested Parties 
 
Alabama 
RMS Texas Timberlands 
 
Alaska 
Gamble Janice Adams Family 
John R & Ynez Slaymaker 
 
Arkansas 
Wanda Bamberg 
Ronnie Davis Family 
Judith & Gregory Eicher 
Tommy Kendall Family 
 
Arizona 
H William Desch Jr. & Jean 
B. Desch 
Herbison Family 

Earl & Mildred Hoatson Tres 
Roger L. Kaiser Family 
Evelyn S. Nehrenberg 
Alice Newell 
Marvin W. Sasek 
David D. & Sherry M. 
Scamehorn 
Trieste Investments LLP  
Towe Farms Inc.  
Margo Louise Welch 
 
Australia 
Glennda Susan Marsh-Letts 
 
California 
Banks Boston 11  
Carolyn Bell 

Jane Burke Trust  
Robert D. Burke Family 
Jensen Charles C. 
James Chupco Family 
Robert Cousins  
Leslie Ann Fairbanks 
D.W. Tyler Farms Inc. 
Fern Hill Rev. Trust  
James Keith Fletcher 
Four Corners Pipeline Co. 
Gardner Family Rev. Trust 
Patricia A. Gustafson 
James A. & Shirley J. 
Hermstad 
Dora Lee Hicks 
Anthony Lindsey Family 
Limmie Hicks Family 
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Dale & Carol Jackson 
Judith A. James 
Ardell Johnson 
Carol Kettell 
Lois D. Martin  
Nadine J. Melberg  
Monica A. Murphy Trust 
Donald D. Nagel  
Niemeyer Land & Farming 
Partnership 
Michael C. & Miller C 
Pawlowski 
Payne Family Trust 
Edward F. Reed Family 
Towe Rams Inc. 
Floyd Vinson Family 
Harvey & Salley Wagner 
 
Canada 
Margaret M. Hayes & Kay 
Daines  
Robert & Carroll Howard 
 
Colorado 
Bach Partners Ltd LLP 
Bledsoe Land Company LLP 
Nina M. Christ 
Deitrick Trustee 
Susan Eckert  
Margaret Heins 
T. Lowell and Sons LLC  
Markwest Pipeline Co. LP  
Claire M. Moseley 
Scamehorn Land Company 
LLC 
Susan Eckert  
Earl Troxel 
 
District of Columbia 
Randall Swisher  
 
Florida 
The Mary Burns Butler 
Testamentary Trust  
Ernest & Helen Evans 
Roslyn Grossman 
Helen Evens Hecht 
Christine Horeczy 
Richard Knuth Trust  
The Dorothy S. Kropp Rev. 
Living Trust 
James C. Peterson and Linda 
(Peterson) Jackson  
Richard Menefee Family 
Jerrold L. & Alyce N. 
Pickthorn 
Rayonier Forest Resources 
LP  
Alvin Wagner 
Charles M. Ward III 
Washington Mutual Bank  
Alvin Worley Jr. Family 

 
Georgia 
Adirondack Timber Co. Inc. 
Earl A. Andrews LE & Family 
Estate of Richard H. Bogan  
Bosques Del Norte LP 
Colonial Pipeline Company  
David L Erickson 
Georgia Pacific Wood LLC  
PC Ranch LLC 
Redtown Timberlands LP 
Timothy Stover Family 
Floyd Simpson 
Nancy E. Thramer 
 
Germany 
Jerry Swedlund 
 
Iowa 
Thomas A. & Billie Jo Hurford 
Edward E Marshall 
Midland Farms, LLC  
Gerald Robinson Family 
Lorraine Sacquitne 
West Rio Land  
Gloria J & Louis E Jr. Myers 
 
Idaho 
Garoutte Family 
Vaughn & Paty J. Walton 
 
Illinois 
Charles & Francis Clark Trust  
Allen Feuerhelm  
Lorna & Thomas Lajcik 
Walter C. Van Pappelendam 
F Ken & Iverson Silvanus  
Geoffrey B Silvanus  
Pearl & Iverson Silvanus  
Carolyn Smith  
Milton Steiner 
Wagner Willard Trust  
 
Indiana 
George Abbott 
Rona Bleekman Family  
Ronald and Sheryl L. Brown  
Betty Jean Howell 
Phillip A. Newsome 
Bernard & Betty Seegers 
Sulphur Bluff Ranch LLC  
 
Kansas 
Bow Pipeline Company  
Amaryllis A. Gerber 
Don Kerley Trust 
Janet W. & Gene R. Meier 
Denise E. Meyer 
 
Louisiana 
Mark H. Allen Family 
Entergy Gulf States Inc.  

Julie Henson 
Wilfort & Lorine Jackson Life 
Estate 
LNO Ltd 
Earnest Morris 
Riceland Properties Inc  
Joseph Spino Jr. 
Timberstar Nacogdoches II 
LP 
 
Michigan 
Dokken Rev. Living Trust  
Howard Thomas Heidemann 
Fred Rathbun Family 
Morris Young Family 
 
Minnesota 
Paul Kanz Family  
Martin Lueck Rev. Trust 
Maxine June Manzow 
David C. Slaymaker 
Robert W. Smith 
Jay H. & Sharon L. Wein 
 
Missouri 
John Mark Lambertson 
 
Montana 
Lorin & Pauline H. Abarr 
Sade T. & Adams, Samuel H. 
Allie 
Lily M. Allen 
Mary Andersen 
Larry & David M. Anderson 
William R. Anderson Rev. 
Trust 
Heim Arlene 
Arnston Ranch, Inc. 
Tim Baker 
Barnard C & S LLC 
Jeanne Barnard Barnick Inc.  
B & B Farms 
Bellon Farm & Ranch Inc. 
Leo & Anna Lou & Aldo 
Bergtoll  
Darrell & Rhonda Bergtoll  
Bickle Cattle Company 
George Birtic 
Larry P. Blevins 
William Lane Bloom 
Breigenzer Blomer Farms Inc.  
Bernard August Blomer 
Larry W. & Cynthia S. Bond 
Kristen Bowditch 
Boucher Ranch Inc. 
Lyle A. Broadbrooks 
Daniel F. & Lana J. Buerkle 
Buerkle & Sons Inc. 
Betty R. Buerkle 
Bart & Maralee Burdick 
Rebecca Buxcel 
Canen Ranch Inc. 
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Gordon Cress 
Kay M. Cress 
Kent A. Cress  
Sandra J. Cress 
Parks Cress 
Pat Corcoran 
Corneliusen Inc.  
Miles Lee & Collin CL 
Cornwell 
Cornwell Ranch Inc. 
Thomas F. & Marion Dartman 
Dale A. & Donna J. Dascher 
Dawson County 
Arthur & Kathy Degrand 
Donnann Inc. 
Depuydt Farms, Inc. 
E.C. Ranch Inc.  
Edwards Lyle Inc.  
Eric David Edwards 
Bob Ekey 
Jay Erikson 
Teresa Erikson 
Audell Schneider Estes 
Evangelical Lutheran 
Friedenst Cemetary Estes 
Eaton Frank & Sons  
Bruce Farling 
Donald Fast 
Loran & Josephine Foust 
Trust  
William & Madler Verla Fried 
Keith & Doris Frost 
Funk Ranch Inc.  
Gunderson Farms Inc. 
The Green Farm 
Groh Ranch Inc. 
Golden Prairies Inc. 
GBJ Farm Corp. 
Great Northern Properties 
Myron L. & Pauline Gackle 
David Galt 
Darrell W. & Nancy J. 
Garoutte 
Edgar O. & Thoena M. 
Garwood 
Ronald A. Garwood 
Harold A. Gaub 
Donald G. Gaub 
Pete Geddes 
Floraine & Roger Geving 
Doris Geving 
David P. & Birdice M. Gibbs  
Russ R. Gilbertson 
Marvin & Sharon Gookin 
Cory & Mary Hallock 
Hazel Guelff 
H2WR Inc.  
Harkins Sharlotte Metal 
Hjorth Inc. 
Lanny & Randy Hanson 
Family 
Hay Creek Ranch 

Hess Ranch, Inc.  
Ronald Haar 
Brad & Jody Haidle 
Freda R. Haidle 
Michael D & Deborah L 
Hammond 
Del & Stephanie Hansen 
Robert V. & Lanette Harmash 
Merle & Joy Hayden Trust 
Nathanael F. Haynie 
Joel & Denise Haynie  
Timothy L & Theresa S 
Haynie  
Hanz H. & Sylvia B. Haynie  
Walter A. Hill 
Franklin B. & A. Joyce Hill 
Douglas C. & Connie Hjorth 
David (Delbert) Hoffer 
Steve Hoffman 
Janelle Holden 
Douglas Honnold 
Floyd R. Hopstad 
John Ihnot Irrev. Living Trust 
Arin W & Kristi R Iman  
Kat Imhoff 
J Bar 9 Ranch Inc./Buffalo 
Springs Inc. 
Johnson Warner, Inc.  
Judith James 
Wesley P. & Karen T. James 
Johnson Ranch Inc. 
Log Cabin Ranch 
Gale A. Jellum 
Robert Alton Jensen 
Malcolm & Peggy Johnson 
Lewell & Betty Johnson 
Mike Kays 
Christine Keltner 
Keltner Kniepkamp Inc. 
Richard S. & Suzette A. 
Kinzell 
Steven G. & Mark E. Knaff 
Virginia L. Knipfer 
Lazy Heart X Inc.  
Lyle Alven - Dorthy D. 
Anderson Life Estate 
Lye Lois M. Rev. Trust  
Eellen Lammers 
Dennis & Stephen Latka 
Kenneth Liles Inc. 
Morgan Alex B. Jr. Trust 
Massar Ranch Inc. 
McCone County 
Robert L. & Rena L. Math 
Benjamin H. Math 
Charles Mavencamp 
Steve McCoy 
Katherine McKalip 
David & Sonia Meccage 
Gary & Lynell Miller 
Bruce L Moore 
Brian L. & Sheryl L. Morast 

Ken Morrison 
Donald D. Mullendore 
Harvey & Ruth A. Nichols 
Rev. Trust 
Nickles Ranch LLC. 
Robert Nagle 
Floyd Jr. Nelson 
Frank A. Nerud 
Lester Nichols 
George Nickas 
Lester E. Nickles 
George R. Jr. & Jessie M. 
Nicol 
Melvin J. & Linda A. Novak 
Gerry & Tim O'Conner 
O'loughlin Properties Olk 
James M. & Ailene A. Olk 
Allen D. Ollerman 
Edith M. Pawloski Trust 
PawloskiI Bros. Inc. 
Bobby J. & Connie J. Phalen 
Prairie Trail Ranch Inc.  
Prairie County Coop. State 
Grazing Assn. 
Steve & Connie Pattison 
A.W. & Eleandor D. Pratt 
Don Prevost 
Quarter Circle UU Ranch 
Quarter Circle D B Inc. 
Rolandson Implement Co. 
Randy L. & Carolyn J.T. Rees 
Agnes M. Reeves 
Ted W. Reimche 
Gordon W. Reimche 
Truman Gary Rusley 
Seven Blackfoot Ranch Co.  
Sand Arroy O. Limited, LLP 
Siegle, Inc. 
State of Montana 
State Water Conservation 
Board of the State of 
Montana 
Swanson Ranch Inc. 
SOGN Inc.  
Steven L. & Amy-Faye A. 
Scheitlen Life Estate 
Salsbery Family Ltd Partners 
Ladonna Sauer  
Jason E. Sauer 
Glenn R. & Priscilla Schmidt 
Ruth V. Schartz-Hathaway  
Wilbert & Dale Schweigart 
Gary Sethre 
Craig Sharp 
Mark & Steve S. Sieler 
Anna C. Singer 
Billy D. & Arlene M. Singer 
Larry & Cindy J. Singer 
James A. & Patricia Skillestad 
John Sokoloski 
Kenneth O. & Carole C. 
Sonsteng 
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Beverly M. Spencer 
Clarice Ann Stahl 
Tom Steele 
Alvin Stickle (Hay Creek 
Ranch Inc.)  
Alice Rose Straub 
Jim Strodtbeck 
Leonard B. & Sandra D. 
Swenson 
Thielen Ranch Company Inc.  
Jason R. Taylor  
J. Harry & Deborah K. Taylor 
Chad E. & Heidi K. Taylor 
Rex W. & Veona L. Taylor 
Peter D. & Ruth Thielen 
Robert R. & Melissa A. 
Thielen 
Harry & Leroy Tronstad 
Maurice & Mabel Tunby 
Steven K. Turner 
U Hanging Seven Ranch 
U Bar C Ranch 
Donald Ulrich 
Judith Ulrich 
Judy Ulrich 
Kurt Ulrich 
Daniel R. & Dawn L. Undem 
Brad Utterback  
Lynn Utterback 
Terry Utterback 
Jeff Van den Noort 
Melvin & Betty J. Trustees 
Vegge 
Dillon Vernon, Inc.  
Jean M. Viste  
Richard E. & Lori L. Viste 
Wittkopp Inc. 
Gary W. & Marlene F. Wahl 
Roland J. & Bernice A. 
Walker 
Dean & Karen R. Wang  
Alvin & Sharon Wenz 
Robert R. & Alvin R. Wenz 
Clayton Wenz 
R.J. Winderl 
R. Brian & Mary Lynn 
Wittmayer 
James & Janet L. Wolff 
James A. & Timothy R. & 
Mich Wyse 
Toby G. Yager 
Kenneth C & Leslee S Abern 
Samuel H Adams 
Joseph V & Joan D Anderson  
Lyle A Anderson  
Lee E & Geraldine L Bach 
Dennis D & Margaret A Basta 
Donald L & Merri L Beck 
Karen Celander Beyers 
Terry L Blevins 
William Lane Bloom  
Gerald Lee & Barbara Borgen 

Marc & Karen J Breigenzer 
Richard & John Britzman 
Lyle A Broadbrooks 
Douglas K & Teresa P Bruha 
Betty Cowley 
Kent A. Cress  
Chester M & Grace E 
Crichfield 
Terry Dack 
Anton R. Jr & Charla Dukart  
Shirley J. Dukart  
William L. & Susan J 
Edwards  
Leonard H. & Carol L Ehret 
Richard Eklund 
Dave L & Dona G Engle 
Dona G Engle 
Arnold R Englund 
Sever & Esther Enkerud 
Lyle & Joyce Erickson 
Leanne M. Fontaine 
Leanne Mcintyre Fontaine 
James C & Mildred A. Fornall 
Jane E. Frye 
Michael L. & Kyleen J. Gackle 
Woodrow Geertz 
Lanny & Hanson Family G. 
Hanson 
Ruth V. Hathaway  
Dave A. & Deanna M. 
Hayden  
Joel & Denise Haynie 
Nathanael F Haynie 
Duane David & Gary 
Heltemes 
Paul G & Joyce E Hoffmann 
Ella Householder 
Cody Johnson 
Llewell & Betty J Johnson 
Burt M & Bette A Johnston 
Leona M Kienitz 
Wade Klauzer  
Arlene P Knaff 
Carol Knaff 
Mitchell Knaff 
Jared & Melissa Kountz 
Vicki L. Lautt 
Lewis I. & Patricia A. Ler 
Diane Masters 
Jeanette Mcnaney 
David H & Sonia C Meccage 
Kenneth & Peggy Meccage 
Matthew B & Milynn Miller  
Donald W L & Irene G Moffett 
George R Jr. & Jessie M 
Nicol 
Melvin J & Linda A Novak 
Mat & John & Sue Nyquist 
Howard E. O'Loughlin 
Patrick Olson 
Ronald L. Pattison 
Steve & Vonnie Pattison 

Ryan Scot Pawlowski 
Gwynneth K. Pederson 
Arnold & Vivian Pinnow 
Craig & Wanda Pinnow 
Rodney L & Bonnie L Reitan 
Thomas R. & Lucile P. Rice 
Renee G. Robinson 
Truman Gary Rusley 
Roger & Margaret Schara 
Steven L. & Amy Scheitlin  
Herbert & Sonia Schell 
Jess & Dixie L. Schultz  
Kent L & Sheri L. Shepherd  
Lawrence C. Shipp 
Marvin G. & Fay Ann Shipp 
Clarence & Montie A. Sipma 
Barbara Mcintyre Slunaker 
Roy J & Cheryl E Storkson 
David & Joyce Straub 
Joyce Straub 
William H. & Mary Anne Sugg 
John I. & Barbara A Sunford 
Robert K. & Charlene Sunford 
Sharon A. Swanson 
William Thielen 
Rockland J. & Karen M. 
Tollefson 
Arthur Harry Et Al Tronstad 
Larry L. Truscott 
Steven K. Turner 
James Katie & Kelsie Undem  
Frances Vansant  
Gary W. & Marlene F. Wahl 
Eugene A. & Joanne M. E. 
Weinreis 
Bill Wyrick 
Don Wyrick 
William E & Sandra Zupanik 
101 Cattle Company Inc, 
Darrell Johnson 
Adkins Ranch Inc. 
Afrank Dennis R 
Allerdings Ranch Inc   
Andersen William R  
Bainter & Sons Inc.   
Ball Farms Trust   
Buffalo Springs Inc.   
Corneliusen Inc. 
Cottonwood Ranch Inc   
Dawson County   
Depuydt Farms Inc - Estate 
Of   
Dillon Vernon Inc.   
Edwards Dave Inc.   
Fallon County   
Foust Loran & Josephine 
Trust   
Fried William & Family   
Gates Ruth Hochhalter & 
Family   
Geving Floraine & Family   
Gunderson Farms Inc   
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Haar Ronald J & Family   
Hayden Merle M & Joy A - 
Trust   
Hess Arabians Inc   
Holter LLC   
Huntley Catherine M Trust   
Johnson Ranch Inc   
Log Cabin Ranch LLP   
Logan Farm Inc   
Mavencamp Monte W - Life 
Estate   
Mccolly Ranch Inc   
Meccage Kenneth & Family   
Moline Sheryl Co Trustees   
Nerud Ranch Inc   
Nichols Harvey Revocable 
Trust   
Phillips County   
Prairie Elk Ranch Inc.   
Schmidt Inc.   
Seteren Family Ranch LLC   
Siegle Inc.   
Simonson Ranch Inc. 
Soda Creek Inc. 
Steffes Inc. 
Swanson Ranch Inc.   
The Green Farm    
Thielen Ranch Company Inc. 
Triop Farms Inc.  
Turkey Track Ranchers 
Assoc   
U Hanging Seven Ranch Inc. 
 
Nebraska 
Jensen Aarik 
Agvest LLC 
Mary A Ammon 
F Eileen Anderson 
Anderson Trust 
Elville Arntt 
Ash Trail Inc. 
Ashelford Farms Inc.  
Austin Co. Inc. 
Douglas Bruce & Michele 
Mari Baade 
Jean & Hans & Mamie 
Backus 
Delores A. Bailey Trustee 
Donald Ball 
Wilma Banahan 
Kevin Banahan 
Eldeen M. & Norma J. 
Banahan Trustee 
Bernadene M. Bane 
Donald E. & Donna J. 
Bankson 
Charles J. & Verneal D. 
Barber 
Barber Farms Inc.  
Barta Family Limited Liability 
Partnership 
Robert Bartels 

Bartels Farms, Inc.  
Edward J. Bauer 
Josephine A. Bauer - Life 
Tenant and Children 
Gerald L. & Linda J. Beck 
Clay and John Beck 
John David Beck Family 
Beed Ranch, Inc. 
Vernon D. & Shirley A. Beran 
Robert & Norene Berger 
Vernon L. & Inez J. Berry 
Helen Berst Trust 
Michael L. & Ramona M 
Bessler 
Dennis W. Bjorkland  
Clarence Blase 
Paul Blase 
Brian & Shawna Blasé 
Duane Blasé Family 
Leslie Blobaum 
Lawrence E. & Janice L 
Bloom  
Richard A. Bohaty Family 
Ri & Ra Borgman 
Dick Boyd 
Sharon Brandes 
Earl and Evan Brandes  
Duane L. & Marlene K. Brandl 
Marilyn Brennan 
Julie Bringelson 
Charlene L Bristol 
Aaron Brown 
G. Elaine Brown 
Broz Family Farms Ltd 
Partnership 
Kay L Buckles 
Kay L & Lavern A Buckles 
Family Trust  
Gean & Marlene Buerer Trust 
Buffalo Creek Ranch LLC 
James Bugbee 
G. Roger & L. Geraldine 
Burgess 
Ester & Wayne L. Burgett & 
Viona Cuddy Trustee 
Maybelle M. Burke  
James E. & Thomas F. Busek 
Elzie E. Butt  
Jan S. & Heidi Buzek 
Enola M. & Jack R. Buzek 
J. Richard Callahan 
Mary Ann Carey  
Curtis W. & Debra Ann 
Carlson 
Dale Carlson Family 
Curtis W Carlson Family 
Darrell D. & Cecillia F. Carr 
Hugh Gene & Joann F. Carr 
Curtis L. & Lori M. Carr 
Bernard M & Joan M 
Carraher 
Linda J. Catlin 

Tracy Ann Chapman 
Chrisman Bros. Inc. 
Alan & Marla F. Chrisman 
Rick & Gayle Chrisman 
Christensen Cattle Co. Inc. 
R.C. & C.G. Clark 
Clark & Family Ltd 
Partnership 
Clifford Partnership Ltd  
Douglas S. & Sharon Cobb 
Patricia L. Cockerill 
Mark Cockerill 
Dwayne M. Collett  
Julia Ann Collett  
Willaim D. Collett  
Shirley Condon 
H. Connell Corp. 
Covenant Cedars Conf. 
Le & Sheila Marie Crays 
Don R. & Sheila M. Crays 
W. Roy & Gertrude 
Creutzberg  
William F. & Judith L. 
Cudaback  
Janet E. & Jerald Danhauer 
Barney E. Danklesen 
Gloria R. Davis 
Magdalene C. Dawson 
Leonard W. Dexter 
Dexter Family LLC 
Patricia Ann Dick 
Edwin E. & Barbara Dickau 
Joseph S. & Sharla J. Dineen 
Judith Dineen 
Dennis Ditloff 
Stanley & Betty Dobrovolny 
Galen Domling 
Art Dose & Sons Inc. 
Ronald & Annette M. Dubas 
Kathryn E. Dubas 
Marvin W. & Mary E. Dugan  
William F. & Susan C. 
Dunavan 
Gregg A. & Linda M. Easley 
Ebbers Farms Inc. 
Deborah D. Ebke 
Richard S. & Pamela R. 
Eckstein 
Roy G. Eggert 
James G. & Jeri L. Egley 
Freckerick J. & Randall J. & 
Kathleen Ehlers 
Ellen C. Eichler 
Evelyn I. Elznik 
Willard Endorf 
Glen D. Endorf Family 
Michelle L. Engel 
Kris & Renee Erickson 
Robert Erickson 
Thomas I. Ericson 
Roger L. & Connie M. Evers 
Ernest R. Fellows 



DISTRIBUTION LIST 
(Notice of Availability and/or SDEIS) 

Supplemental Draft EIS G-28 Keystone XL Project 

Stanley D. & Gail R. Ferris 
David J. Fischer 
Alice M. Fisher 
Morris D. Fisher 
Don Focken Family 
Beulah Focken Liv. Rev. 
Trust  
Foster Ranch Inc. 
Harry E. Foster 
Franssen Family Trust 
Betty L. Franz 
Ardean Franz 
Franz Farms Inc. 
James T. & Cathlina M. 
Frederick 
Robert R. Freese 
Wilbert & Joanne Frey 
James & Barbara Friedel 
Richard D. & Marlene M. 
Friedrichsen 
Marion R. Friesen 
Michael L. Friesen 
Joann B. Friesen 
Howard Galaway 
Marguerite Y. Galusha 
Arden R. & Lynn R. Garwood 
Evan R. & Maxine M. 
Garwood 
Jonathan W Garwood 
Arnold L & Marion Geiger 
Geneva Impl. Co. Inc. 
Gregory M. & Dolores 
Genrich, Trustee 
Brian T. & Katherine A. 
Genrich, Trustees 
H. Germer 
Maryjane Gilroy Trust 
Sylvia A. Girmus Life Estate 
John G. Glad Family 
Francis L. & Caroline A. 
Glaser 
Glen Neel Family 
Kevin Goldsberry 
Diane Gotschall  
Melva Green 
Dickie D & Barbara Sue 
Greenwood 
Mark Grohman 
Doris Grotz 
Mark & Linda Grummert 
Gun Creek Farms Ltd  
Ronald E. & Marlene L. 
Haake 
Mace Hack 
Scott B. & Cynthia J. Hahn 
Doris A. Hall 
Wayne Hall Family 
David Hamilton 
Marian Hamling 
Rick Hammond Family 

Diane K. Hanson & The 
Beverly J. Swanson Rev. 
Trust 
Ethel A Happ Trustee 
Marilyn Harre 
Barbara Harris 
Shirley Hartford 
Neal & Debra Hartford 
Raymond L. & Colleen J. 
Hartman 
Hauf Family Ltd Partnership 
Glenn F. & Eileen Haugen 
Liv. Tr. 
Gaylen Lyn Havel 
Laverne L. Hayek 
Philip & Mary L. Heidemann 
Matt Heidemann 
Todd Heidemann 
Dean K. & Sandra K. Held 
Ervin D. & Elizabeth 
Hennerberg 
Heritage Ranch LLC 
Mark Hesser Trustee 
Avis L. Hickerson 
Calvin J. Hiebner 
Hirschfeld Family Farms Inc. 
Joseph L. & Francis L. Hoer 
Kendell Holthus 
Emil Homolka Trust 
Dan E. & Karon K. Horn 
Homer N. & Johnnita A. Horn 
Rev. Trust 
Ruth Ann & Larry Lynn 
Horsky 
Hummel Farms Inc. 
D.L. Jamison Family 
Lumir F. & Mary F. Jansky 
Larry Jansky Family 
Ronald L. & Joyce E. Janzen 
Francis V. & Shirley J. 
Johnson 
Ronald L. Johnson 
Brant Johnson Family 
Dwight Johnson Family 
J. Suzanne Johnson 
Amy C. Jones 
Roy Jorgenson Family  
Gene W. & Karen Joseph 
Vivian E Kaasa 
Elsa Kaiser 
Danielle L. Kaliff 
R. L. Kaliff Ranch 
Patricia A. Karo 
Katz Ag. Ltd 
James A. & Shirley A. Katz 
Richard E. & Robert J. Kaup 
Joann Kayton 
K Creek Farms Inc. 
Daryl Keiser 
Keldren Partners & J & H 
Properties 
Laverne Rose Kempkes 

Shirley M. Kepler Family 
Robert King 
Gordon Kissel 
Frank E. Klasek 
Lawrence G. Klein Family 
Jerry J. Knispel 
Karen Knobel 
Martha A. Knobel, Trustee 
Edward J. & Leatrice J. 
Knopik 
Kenneth J. & Janalei L. 
Knopik 
Mark & Lori Lane Koenig 
Lorraine Kohut 
Julia E Kortum 
Thomas L. & Linda J. Kosch  
Glenn E. Kovanda 
Albena F. & Lawrence J. 
Kramer 
Daniel L. & Janel M. Kramer 
Neal A. & Deborah Kramer 
Leon S. & D.K. Kramer 
John & Sandra Kramer 
Edwin L. Krula 
Jeffrey L. Krupicka 
David L. & Linda K. Krupicka 
Gregory Krupicka 
Ronald G. Krupicka Life 
Estate  
Ray Krysl 
Delmar J. & Marjorie L. Kuska 
Galen G. & Sharon Kuska 
Joan T. Kuska 
Virgil E. Kuskie 
Jessica M. Kuskie  
Jerald J. & Kristine E. Laible 
Woodrow W Lambelet 
Robert M. & Mary S. 
Lammers  
Lammers Family Farm LLC 
Evan Lane Tre 
Larry Larson Family 
Larry Larson LLC 
Lathen Trust  
Mark V. & Ann L. Lavin 
Albert L Lemmer 
Robert C. & Barry W. 
Lemmer 
Lewis Pospisil Trust  
Ruth M. Linabery 
Gary Lindgreen Family 
Maurice Lindgren Family 
Marie B. Long 
Melvin R. & Shirley A. Lowery 
Janis E. Luebe 
Janice Lundy 
Judith Lynch 
De Etta O. Maguire 
Charles R. & Diane K. 
Mahony 
Louisa Lovonna Manning 
Terry N. Marcukaitis 
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Theodore J. Marek Family 
Dan L. & Nancy K. Martensen 
James R. & Diane M. 
Martinsen 
Carol J. Mason 
Alfred C. Matejka 
Donald Mcclatchey Family 
Michael J. Mcgowen 
Joseph M. & Mary Joan 
McManaman 
James J. Mcnally 
Edward L. & Rochelle M 
Mcneff 
Richard L. & Marion L 
McPhillips 
MDB Corp.  
Alan F. & Tamara A. 
Merchant 
Floyd C. Merchant 
Louise Merchant Life Estate 
Natalie Meyer 
Marie Meyer 
Stanley T. Meyer Family 
Donald W. & Karen K. Mierau 
Randy & Rhonda Miksch 
John C. & Janice Miller 
Harvey N. & Sandra K. Milton 
Eric Milton 
Robert L. & Sharon K. 
Mitchell 
Mogensen Land & Cattle Co.  
R. Joe Moller 
Larry Moller 
Bradley Moncrief Trust 
James P. & Jean E. Monnier 
Dian J. Moore & Mid-
Continent Properties Inc. 
Lois M. Morales 
Gordon S. & Ann S. 
Moshman 
Mary Ellen Mulcahy 
Margie Mundt  
Richard T. Munk 
Thomas F. Murphy 
Wilma Murphy Trust 
Wilma R. Murphy 
Kaye D. & P Thomas 
Mussman 
Nebraska Pork Partners 
Nebraska Covenant Bible 
Camp Assoc.  
The Cowboy Trail Nebraska 
Game & Parks Commission 
Carl H. & Berverly J. 
Newquist Trust 
Maureen K Nielson 
Dale Nielson 
Jerry H. Niewohner Family 
Jason & Melissa Nimmich 
Curtis L. Norquest 
Margery R. Norquest 
Lavern Novak Family 

Lila Nunnekamp 
Roger L. & Joyce L. Odvody 
Family 
Harold F. & Evelyn G. Ohde 
Carol Olson 
Warren J. Olson Ranch Inc. 
Milton & Carol Olson Life 
Estate 
Omaha Natl. Bank Trust 
Diane L. O'Neel 
Scott C. & Rebekah J. Onnen 
Patricia A. Opfer 
Robert L. & Norma F. Orth 
Orville Orville Garrett 
Otto Ag Enterp Inc. 
Mary Otto 
Logan M Jr. Otto  
Joel W & Janise S. Pospisil 
Paula S. Partsch 
Scott L. Patrick 
Jerry L. & Suzanne K. Patton 
Jerry L. Patton 
Matthew L. Paup 
Carmen P. Paxton 
Thomas J. & Rhonda L. Peed 
Willard G. & Elsie E. Penner 
Roland Penner  
Sidney Penner Family 
Clayton E. & Carolyn J. 
Peters 
Glen T. & Deborah A. 
Petersen 
Luella M. Pettey Trustee & 
Barbara A. Budler 
Donald E. & Bertha M. Pingel 
Howard W. Pitzer Family 
Trust 
Kevin Poague 
Jay G. & Viola M. Preston. 
Pretzer Family Trust 
Jeremiah L. & Haley M. 
Pribnow 
Timothy Pribyl 
Mary C. Pribyl Trustee 
Samuel H. & Gaila J. Prill 
Richard C. & Beth E. Prussa 
Greg L. & Nacy J. Quiring 
Roger J. & Judith K. Rada 
Robert A. & Helen Ramm 
Richard L. & Joan L. Rankin 
James Reeves Family 
Kenneth L. Reilly 
Leo F. & Catherine A. Reilly 
Edward J. & Carol A. Reilly  
Angela Reilly Trust 
Robert K. Reimer 
Reinsch Land & Cattle Co. 
Renner Land & Cattle Co. 
Cathy S. Rhodes, Trustee 
Clayton Ritterbush 
Getha Ritterbush 

William J. and Mary M. 
Robinson Life Estate 
Mark & Melissa Rohr 
Craig Romary 
Steven J. Roy 
Albert E. & Lois L. Russell 
John Davis Russell 
Rut Family Irrev. Spendthrift 
Trust 
Edward H. Rut 
Randall Saathoff 
Saddoris Family Trust 
Sagesar Ranch Inc. 
Kevin L Sandell Family 
Sandell Family 
Neal L Sandell Trustee 
Donald John Jr. Santin 
Kenneth L. Santin 
Donald J. Santin Jr. Family 
Henry E. Santin Family 
Larry L. & Rejeanna M Sasse 
Martha M. Sasse 
Andrew T. & Amber 
Scamehorn 
Dennis W. & Jeannie L. 
Scamehorn 
Agnes O. & Theodore Schilke 
Elton Schmidt & Sons Farm 
Co. 
Jason L. & Sheila A. 
Schneider  
Ralph & Alma Schumacher  
Sheryl A. Schweer 
Myron & Marion K. Schwisow 
Eugene Schwisow 
Kevin S. Schwisow 
Scully Estates  
Marty & Carol Seamann 
Douglas R. & Sharon J. 
Sellenrick 
Otto H. & Mary L. Sellenrick 
William A. & Olga A. Seng 
Elfie .L Seng 
Cheryl Seng 
Larry D. Shepperd Jr. Family 
Virgil Shively Family 
Kennth J. & Arlene A. 
Shotkoski 
Kim A. & Kristi L. Shoup 
Shoup Family Ltd Partnership 
Cleo Skinner 
Lawrence E. & Evelyn Skrdla 
John Skrdla 
Skrdla Dairy 
James W. & Barbara 
Slaymaker 
Irma Slezak 
Blaine Sloan Family 
E.F. Oliva & G.L. Smisek 
Duane & Donna M Smith 
Roy & Deanna Smith Family 
Andrew & Toni Snyder 
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Ellen M. Sokolik 
Robert D. & Vicki L. Spilker 
Jason E. & Joseph J. 
Srajhans 
Brian & Marilyn L. Srajhans 
Dan Stahr 
James, John, Mark Stecker 
Debra S. Stevens  
Gale Stevens Family 
Gaylerd G. Stevens Family 
James & Mildred Stewart 
Mildred Stewart 
Hans P. Stoltenberg Jr. 
Mary F. Stowe Homestead 
LLC 
Stracke Cattle Co. LLC 
Del Ray Stracke Family 
Bert D. & Karen M. Straka 
Richard J. Stromp 
James D. & Dorothy J. 
Stromp 
Alberta A. Studley Trust 
Styskal Trust 
Frederick Styskal 
Dennis H. & Michael J. 
Sullivan 
Patrick & French Sullivan 
Ed & Bessie Svajgr, Trustees 
Robert Svoboda Trust 
Donald L. Swanson  
Matthew E. Swanson Family 
Don Swett Family 
Thomas J. Tasler 
Jerry & Elaine Tasler 
Charles & Wilma Tasler 
Timothy G. Taylor 
Dennis R. & Teri J. Taylor 
Melvin Taylor Family 
Dennis R. Taylor Family 
Melvin W. Taylor Family 
Bruce D. & Beth Ann 
Tegtmeier 
Edward L. & Loretta M. 
Teinert 
F.H. & D.M. Thanel 
Mary P. Thomas 
Richard & Alta Frances 
Thompson 
Stanley & Sandra Thompson 
David E. Thompson & Debra 
K. Flick-Thompson 
Matthew A. Tighe & Regina 
M. Rankin-Tighe 
Estella Tillotson 
Linda E. Toms 
Lloyd Jr. Tracy  
Triple R. Pork 
Richard Kalvage Trust  
Daniel E. Tyler 
US Bank National Assoc. 
Michael & Debra Usasz 
Michael Usasz Rev. Trust 

Deborah A. Usasz Rev. Trust 
Stephen M. & Vicki L. Van 
Pelt 
Debra Vanwesten 
Duane & Virginia L. Vavra 
Dorris M. Volgel 
Mary Votipka  
Paul Wait Family 
Leslie Wanek 
Wasserbrauer Farms 
Wasserbrauer Farms Trust 
Ron Watson 
Glady Weber 
Joan R. Weber 
Marvin C. & Becky S. Weber 
B. Rex Weber 
Ellen E. Weber 
Robert H. & Angeline J. 
Weers 
Ronald Weers 
Melvin & Jean Weers 
Richard L. Weers Family 
Lyle & Sherril Wegele 
F. Leon & Connie L. 
Weichman 
Bruce A. & Janelle Weise 
Norla M. Weise 
Robert & Rita Weise 
Reburta Wenzl 
Roger A. Werth 
Virginia M. Werth Life Estate  
Gerald & Sharon A Whalen 
Dennis L. Whitney 
Ross & Barbara Whitney 
Wayne & Alice M. 
Wiedergreen 
WDB Inc. 
Mary Williams 
Betty Winings 
Marvel E. Winter Family 
George H. Wochner 
Bryan Wolcott 
Wolf Land General 
Partnership 
James Wurst Family 
Jean Young 
Patricia Ann Young 
Harold Zabel 
Howard & Charlene J. Zabel 
David V. & Alan J. Zenisek 
Emilye Zenisek 
David V. & Alan J. Zenisek 
Kenneth W. Ziegelbein 
Family 
Brent A. Ziemann 
Elizabeth L. Zoucha 
Bonnie Zulauf 
 
New Hampshire 
James A. Devlin 
Nacogdoches Power LLC 
 

New Jersey 
Michael Caracciolo Family 
 
New Mexico 
Jimmy D. Goodman Family 
Benjamin Charles Hall 
Don Kidd Family 
Kuehn Kamily 
 
Nevada 
GRH LLC 
Lois M. Morales 
Ellen M. Sokolik 
 
North Carolina 
Richard Adams Family 
William L. Baxter Rev. Farm 
Trust 
Sterling C. Carroll 
Barney Lithicum Jr. 
 
North Dakota 
Al Cronin 
Jeff Essler 
Edward Patrick and Family 
Jean L Pringle 
 
Ohio 
Thomas D. Ashley Family 
Joe W. & Mary A. Fisher 
Marilyn R. Hudson 
 
Oklahoma 
Glenn Abel 
Darlene Agnes Adams 
Charles E. & Ruby J. Adams 
 Adams Family Rev. Trust 
Charles Adkison Family 
Alvin C. Ailey Rev. Trust 
Harold Aldridge Family 
Phillip Allen 
Bessie Allen 
Jessica C. Allen  
James Allen Family 
Boyce W. Allensworth Jr. 
Family 
Allied Materials Corporation  
Robert D. Amos Family 
Paul James Anderson Living 
Trust 
Anthis Land Company LLC 
B E Ranch #2 LLC 
Claude Stevens Baca 
Daniel Bailey 
Phillip Bailey Family 
Martha S. Baird Living Trust 
Loyal Dean Baker 
David Barker Family 
James Barlow Family 
Gayle Barnes 
Stephen Batchelor 
Jerry D. Battles Family 



DISTRIBUTION LIST 
(Notice of Availability and/or SDEIS) 

Supplemental Draft EIS G-31 Keystone XL Project 

Albert Beagles Family 
Nickey Beal Family 
Vince Beck Family 
Harel Bennett Family 
Robert Berkenbile Family 
Jerriel Betts 
Ronnie Black Family 
T Black Family 
Betty Bolin 
Billie Gail Boston 
Wanda Boyd Trustee 
Monty Bradford Family 
Edward Brend Family 
Virgil Bricker Family 
Marsha Brickie 
Eugene Broome 
Eric Brown 
David Brown 
Matt P Bruno 
Harley Bryant Family 
Bull Mountain Land & Cattle 
Co. 
Bobby Bunch Family 
John Butwid 
Robert Byrd Family 
TEPCO c/o Michael Brown 
Howard D. Cahill Family 
Larry Campbell Family 
James Capps Family 
Mack Carr Family 
L.T. and Delores Case 
Leslie Joe Chappell Living 
Trust 
R.L. Chesser 
Michael Cindle 
Eldridge Coats 
Deon Coats Family 
William Dennis Cobble Family 
Sandra Williams Colborn 
Leslie F Collins 
Jimmy Dee Cook 
Mike Cooper 
David Cornett Family 
David Crane Family 
Corliss H. Currie 
Dessie Arleta Curtis 
Terry Cusey Family 
Derrell D. Dancer  
Jeffery Dancer Family 
Louis Daniel Family 
Patricia Davidson 
Judy Davis 
James Davis Family 
Anthony Dillard Family 
Jarvis Dobbs Family 
Billy Ray Douglas Family 
Shirley M. Driskill 
Barney Dryden Family 
Carl Due Family 
Jeffrey Dueck Family 
Dufur Farms LLC 
Fred & Clovis Duke Trust 

Jim Eastep Family 
Buane Eaton Family 
Michael L. Elliott 
Donald Ellis 
Ernest Elwood Family 
Herman Epps Family 
Donald Ethridge 
Randal Ethridge 
Evans Company Express 
Trust 
David Farmer 
Gerald L. Farmer 
Doyle Fincher Family 
Sam H. Fipps 
John Fisher Family 
Billy Fletcher Family 
Donald Flint Family 
Foster OK Resources LP 
Rodney Fowler 
Winnie K. Fox 
Bonna Freeze 
David French Family 
Ed Friesen Family 
Wendell Fuller 
Garrett & Co. 
Wilbur Gene & Joyce Levelle 
Glasgow Rev. Trust 
Gerald Glenn 
Shirley Glover 
Harold Godbey Family 
Billy Ray Goodson Family 
Geneva Graefe Family 
Bobby Graham Family 
Kathy Grant 
Kennith Gray Family 
Greg A. Griffeth 
William Griffeth Family 
Tommy Grounds Family 
Thyra Gudgel 
David Hailey Family 
Elmo Hamilton Family 
James Harvell Family 
Phyllis Ann Haskin 
Don Hassell Family 
Robert Hassell Family 
George M Heck 
Esther Heckman 
Randy Henderson Family 
Jon Henson 
Donald Hill Family 
June Hillburn 
Tommy Hinds Family 
Thees Hink Family 
Estelle E. Hinson 
Ruth Hodge 
Carl Hodge 
Gary Holderfield Family 
Archie Clay Hopkins 
Leonard Howell 
Curtis E. Howell 
Edgar Hurliman Family 
Thomas Gordan Hyde 

Warren Igleheart 
Richard James 
Tom Johnson Family 
Robert E Johnston Family 
Ray Joran Family 
Fred Jordan 
Darrel Kee 
Louise Nance Keesee Living 
Trust 
Kerry Wayne Kelley 
Benny Leon Kellogg 
Joe Klababa Family 
Michael Lambert Family 
Carl Lambert Family 
Landrum Family Trust 
James Lemons Family 
Boyd Lewis Family 
Ronald Linscott Family 
Carolyn Lodhia 
Patric Loftis Family 
Ed Lott Estate 
Steven Lowrey Family 
Tommy Lutes Family 
Doris Lynn 
O. Ann Madden Living Trust 
Phillip Maddox Family 
Cathy Madron 
Rickey Malone Family 
Wayne Manley 
Lola Marie Margerum Irrev. 
Trust 
Jim Marlow 
Robert Martin 
Darin Martin 
Pauline Martin 
June Marzett 
Betty Massey 
Dean Matlock Family 
Florine Matthews 
Rondald Matthews Family 
Doyle Matthews Family 
Gary Matthews Family 
June Mae McConnell 
Regina McDonald  
Virgil McDonald Family 
William McGee Family 
Donald Thompson McGill 
Larry McKinney Family 
Rodney McKnight 
Dennis R Meadows Family 
Thomas L. Merritt 
Mid-Way Partners LLC 
Hazel Piercy Milam 
Robert Milam Family 
Don Miller 
E. Bruce Miller  
Tim Miller Family 
Gary Miller Family 
James Miller Family 
Rondald Miller Family 
Troy Minyard Family 
Robert Miracle 
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Chuck Mitchell 
Ray Mobbs Family 
Clarence Moeller Family 
Katy Moore 
Morgan Acres LLC 
Tommy R. Morgan Family 
David Morgan Family 
Debbie Moss 
Kevin Mudd Family 
Vernon Mukes Family 
Donna Favors Mulkey 
Mark Mullins Family 
Shawn Andrew Murray 
Family 
Bobby Noak Family 
J.E. & Betty Ann Norman 
Family Rev. Trust 
Northfork Farms Inc. 
Ronnie Odell Family 
ENOGEX Oklahoma Gas & 
Electric    
Don Olivo 
Gary Owen 
Eula Parker 
Frankie Parrick Family 
Edmon Perkins Family 
Bobby Perkins Family 
Bill Perkins Family 
Dennis Phillips 
Arthur D. Plyler Family 
Stephen Powell Family 
Mark Prentice Family 
Buster Allen Price 
Pruett Family Rev. Trust 
Rick Raney 
Brad Raney 
Paulette Raney 
Bill Ratliff Family 
Donnie Reed Family 
John Karen Rhea 
James D. Rich 
J. Roberts Family 
Charles L Robinson  
James Robinson Jr. Family 
Tommie Robison Family 
Genave King Rogers Rev. 
Trust 
Paul A. Roppel 
Robert D. Rosencutter 
Carl Ross 
Kenneth Rowland Family 
Roger Rowsey Family 
Danny Roy Family 
Bobby Russell Family 
Lloyd Sample Family 
Lloyd Sanders Family 
Louis B. Sandmann 
Steven Sandmann Family 
Chris Sands Family 
Mary Gail Sangster 
John Sartain Family 
Pete Sawatzky 

Robert Schmitz Family 
Dennie Scott Family 
Pete Seikel 
Kent Selby Family 
Lonnie Selby Family 
Sharp Holdings LLC 
Brent Shockley Family 
Kerry L. Simpson 
Virginia Sipes 
Aleta Smalley 
Margaret Smith 
Jewell Smith 
Don Smith Family 
Clyde Smith Family 
Manuel Smith Family 
Wayne Smith Jr. 
Stafford Family Ltd 
Partnership 
Ronald Stafford Family 
Jerry Stanley Family 
Fred Starr Family 
Vickie Stotts 
Donald Stover Family 
Essie Stowe 
Deward Strong Family 
Betty Sullivan 
Tracy Sullivan 
Thomas Family Rev. Trust   
Robert Thomas Family 
Roger Thompson 
Randall Thompson Family 
Mary Ann Thornton 
Thunderhawk Inc. 
Guy & Lisa Tucker 
Durward Tucker Rev. Trust 
Ted Tucker Family 
Barry Tucker Family 
Sharral L. Tye 
Bryon Underwood Family 
Verison Oil and Gas 
Sherry Vernon 
Mayfield Vester 
Gary Vinson Family 
Carl Vinson Family 
Carroll Volk 
Donald Wakeley Family 
Johnnie Clinton Wallis Family 
L.E. Warrington Family 
Rebecca Washburn 
Charles Webb 
Rita Weber 
Welch Family Rev. Trust 
Leniol D. Wells 
Doris D. West Trust 
Gordon R. West Trust 
Johnny West Family 
Larry White 
Monty White Family 
Marilyn Whittington 
Robert Wieck Family 
Gerald Williams Family 
Jimmy J. Wilson 

Christopher Wilson 
Sherry Wing 
Jeffrey Wingo Family 
David Wingo Family 
Milton Wolff Family 
Tony R. Wood 
Roy Woolard Family 
Geoge Worthy Disposal Inc. 
Carolyn Wright 
Lucille June Yahola 
 
Oregon 
Crown Pine 
Forestar USA Real Estate 
Group Inc. 
 
Pennsylvania 
Dallas Scott Holloway 
Crown Communications Inc. 
Michael J Doyle 
 
South Carolina 
Sarah Mckenzie Funk Family 
 
South Dakota 
Rayford J. & Ilene Anderson 
Mildred H. Atteberry 
Jason Bartels 
Robert M. & Beverly A. Beck 
Kenneth E. & Kathy Beck 
Larry L. Bertram 
Duane Bertram Family 
Charles F. Blain 
Kelly Blair 
Wendy Blair 
Bradley L.  Bolton Family 
Gail Booth 
Booth Family Rev. Trust 
Ervin L. Borland 
Dennis J. & Rebecca Kay 
Brengle 
Brown Oil Petroleum Co. Inc. 
David Michael Brozik 
Gene R. & Leann Bruns 
Ramona Buchholz 
Donald Burns Burns 
Allen & Pamela Burtz 
Butte County Courthouse 
David and Candy Cahoy 
James E. Cahoy Family 
Kenneth D. & Jean Calhoon 
Kenneth D. & Chester R 
Calhoon 
Bret A. Clanton 
Clarkson and Company 
Beverly G. Cleveland le 
Frank B. Cole 
Mark & Carroll Comes 
Dahl Ranch Inc. 
Dahlke-Mann Family LP 
Roger & Edna Dale 
Judith M. Daly 
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Michael M. Daly Family 
De Mers Farms LLC 
Bruce & Patricia Demers 
Robert L. Diekmann 
James J. Donohue 
Doolittle Wagner Ranch LLC 
J. Whitney Driscoll Family 
Dennis Duncan 
Roberta J. Engesser 
Joyce E. Ernst 
Ronald Fees 
Marty Finley 
Michael Finley 
Shane & Shad Finn 
Fischer Ranch LLC 
James Fisher 
John D. Fisher 
John & James Fisher 
Frank Fisher 
Lonnie Fletcher 
Daniel R. & Lyn Forgey 
John F. & Lucy Forgey 
Steven & Shirley Forgey 
Ben & Michelle Fox 
Frank Seamans & Sons Inc. 
Mary V. Fronek 
Michelle Ganchow 
Gilbert Angus Ranch 
Rex T. Gilles Family 
Timothy Grablander 
Rodney K. Graesser 
Graesser Family Trust 
Green Valley Ltd Partnership 
Gregory School District 
Linda Grenz 
Grossenburg Cattle Co 
Roger and Penny Gunderson 
Marcella Gunderson 
Gunderson Ranch LLC 
Clyde & Loretta Hafner 
Stephen E. Haight Family 
Blair M. Hamilton 
Mark & Patricia Hanrahan 
Craig & Deborah Hanrahan 
Lorraine Hanson 
Harding County 
John H. & Tammy Harter 
Marlin Haukaas Family 
Gerald L. Haukass Rev. Trust 
Edward C. Hawks Family 
Roy C. Hazuka Family 
Edwin & Becky Heeb 
John & Carmen Heidler 
Leonard & Jeannie M. Heim 
Dianne Hendricks Booth 
Travis Hendricks Family 
Robert Lee & Danny Eugene 
Herman 
Robert L., Danny E., & Marty 
D. Herman 
Chris Hesla 
Nancy Hilding 

Pauline Holsti 
Glen H. & Carolyn J. 
Hostutler 
Glen David & Kerry Hostutler 
Family LLC 
Howes Grazing Assoc. Inc. 
Hugh G. & Beverly J. Hudson 
F. Trust 
Edwin Alan Hunsucker 
Michael D. & Joni Hunt 
J. Jel Inek Family 
Howard Ingalls & Sons 
Hugh E. Ingalls Family 
George A. Iversen 
Ruth Iversen 
Clinton & Darrell Iversen 
Dale R. & Deloris Iversen 
Gregory I. Iversen 
Darrell & Lois Iversen 
Dale R. & Deloris M. Iversen 
Testamentary Trust 
Clinton Iversen 
J M Bar Ltd Partnership 
Douglas H. & Myla Jensen 
Jeff Jensen 
Jeff Jessop 
JLR LLC 
Dave Johnson 
John S. Johnson Family 
Robert Jones 
Jerry P. Jones 
Morris W. Jones 
Robert D. Jones Family 
Daniel Jordan 
Irving Jordan 
Martin Jr. & Gregory 
Jorgensen 
Steve, Dennis & Larry Juhnke 
Steven and Dennis Juhnke 
Ronald & Margaret Juhnke 
Duane & Sharon L. Keffeler 
Keith Keith   
Lavern A. Kerner 
John H. Kerner  
Vernon V. Kerner Family 
Harold Kilness Family 
Donald and Donna King 
Burney D. King Family 
Gary & Sally Kingsbury 
Marty Kinsley 
Norma Kinsley 
Brennan J. & Laurie Kjerstad  
Kathryn Knutson 
Kroetch Land Company LLC 
Mike Kurle  
Saundra Laflin 
Thomas H. Laprath Family 
Linda M. & Germain J. Leber 
Jeffrey & Beth Leber 
Limpert Family LLP 
Lone Tree Farms Inc. 
Geraldine Lopour Trust 

Dwight Louder Family 
Ludlow Cooperative Grazing 
Dist Inc. 
Lon M. Lyman 
Larry F. & Sandra I. Lyons 
Madsen Ranch LC-LLC 
Melissa Maher 
Jim Margadant 
Martin D. Tennant Trust 
Carl Mathews  
C. & C. McCormick Family 
McDonnell Land Company 
LLC 
Meathook Enterprises LLP 
Sam and Della Rae 
Mickelson 
Diana Middleton 
Ronald D. Miller 
Gail V.  Miller 
Shirley P. & Erma F. Miller 
Ronald and Faith Miller 
John P. Miller 
Filena M. Miller 
Mitchell Creek Land Co. LLC 
Tim & Debbie Moeller 
George & Shirley Mowry 
Norman Negaard 
Wayne and Susan Nelson 
Ruth Nelson 
Dan & Marla Nelson 
Clayton Nelson 
Olaf & Rose Nelson 
Rose Nelson 
Martin & Vera Nelson 
James S. Nelson 
Norma Nelson 
Wayne K. Nelson 
Nelson Farming Inc. 
Jerry & Sonia Nemec 
Ross L. & Lee S. Neyens 
David M. Niemi 
Niemi Ranch 
Ted & Douglas Nies 
Robert Nordstrom 
Robert J. Novak Trust 
Glen R. Novotny 
Virgil J. Novotny Family 
Richard M. & Mavis O'Bryan 
James & Vonnie O'dea Trust 
Grant J. Olsen 
Olson Brothers 
Melvin J. Olson Family 
Janice I. Osborne 
Pahapesto Cattle Co. Inc. 
Jim Pahll 
Painters Inc. 
Marlene L. Patrick 
Paul Patterson 
Patterson Construction Co. 
Bob Paulson 
Albert Pederson & Vernice 
Farms Inc. 
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Douglas & Linda Perry 
Allen & Phyliss Peters 
Lon & Christine Peters 
Donald J. & Mary L. Phillips 
Irrev. Trust 
Clairce Poler 
Walter J. Price Family  
Eric Putnam 
Steve Reed 
Dwight A. Reedy 
Dwight Reedy  
Jerry Reisenauer 
Reverse EL Ranch Inc. 
Robert & Fern Rindstmeyer 
Ted Robb  
Rita Robinson 
David & Sherry Rohde 
Merle L. Rust Family 
Gaylord & Wilma Saucerman 
School Land 
Schultes Family LTD 
Partnership 
Paul Seamans 
Robert & Lorraine Serr 
William C. & Joann Serr 
Daniel Severyn 
Daniel & Terry Severyn 
Ronald Shattuck 
Chandlor E. Shippy 
Todd A. & Janette Shippy 
John Shoemaker Family 
Grant C. Simons Family 
Leroy Singer 
Slim Buttes Buffalo Ranch, 
Inc 
Thomas Smith Family 
Alan R. Steinke 
Connie G. Steinke 
Tresh & Sara Swedlund 
Barbara Taylor 
Gary R. Tennant 
Gary R. & Sandra M. Tennant 
Lynn Tennefos 
Thomas Lands Inc. 
Nathaniel Beverley Tucker 
Nina Vansickel 
Norman R. & Nina Vansickel 
John & Ruth Vassar 
Colleen A. Vaughn 
Dwayne C. & Zona M. Vig 
Dwayne & Edith L. Vig 
Larry B. Vroman 
Taylor M. Vroman 
Mark J. Vroman 
William H. & Verona Vroman 
Larry & Judy Wagner 
Harold E. Waterland 
Harold Watzel 
Edward G. Watzel Family 
David A Weber 
Weber Land & Cattle Co. 
Grace S. Weber 

Lee O. & Judell A. Weidner 
Lynn A. & Connie Weishaar 
Roger W. Weiss Family 
Lyle D. Weiss Family 
Ronlad Wetz 
Cody M. & Denise C. Weyer 
Dan Wicks 
Rayfield A. Wicks Rev. Trust 
Dee Wilcox 
Ross Williams 
Maxine Wilson 
Wink Cattle Co. 
City of Winner 
Patricia A. Wood 
Eleanor Zuccaro 
 
Tennessee 
Juanita Bailey Family 
International Paper  
Vanderbilt Mortgage & 
Finance Inc.  
 
Texas 
Gary Abel 
Absolute Holdings LLC 
H.M. Acevedo Family 
Ella Achten Life Estate 
Albert Acrey 
Ryan Cecil Adair Trust 
Kevin Davis Adair Family 
L.C. & Fay Adams 
Greg Adams 
Harold G. Adams Family 
Danny Adkins 
Julie Ager 
Priscilliano Aguilar Family 
AIO Inc. 
Alan Cramer Investments Inc.  
Albert Albert Sheppard 
Sandra Faulk Alexaner 
T.C. Alford Family 
Patrick Evans Allaire 
Sammy Allen 
Jeremy Allen 
Thomas H. Alspaugh Family 
L. Alton 
American Medical Disposal 
Inc. 
Stephanie Harrison Amon 
Becky Anderson 
Joan Anderson  
Marshall & Joan Anderson 
Partnership LP 
Apache Corporation  
George Armstrong 
Richard Arnold 
Hazel Arnold 
Andrew Arnold Family 
Arp Youth Sports Assoc. 
Larry Wayne Arrington 
Eric Arrington 
Eddy Arrington Family 

Jake Arrington Family 
Bruce Ary Family 
Bywaters Ashburn 
Samuel Ashworth 
Heirs of O.B. Ates 
Robert & Patsy Atnip 
ATSP Partnership Ltd 
Mark Avery Family 
James Bagley 
Edith Bailey 
Linda Baker 
Baker Petrolite Corp. 
Joseph Robert Bakewekk 
Dorthy Maxine Bales Estate 
Billie Jo Ball 
William Ball Family 
James H. Barnes Family 
W. Eugene Barnett Family 
Donna Wilson Barnett 
McDermott Barnhart Ranch 
Barry B. Barns 
Wilbert Barrett 
Vernon Barron 
Andrew & Vernon Barron 
Barton Family Trust 
Calvin Barton Jr. 
K.L. Barton Sons Tie Co. 
Darvis Bass 
Merle Bass 
Stuart Bass Family 
Michael J. Bassham 
Ernest Bates Family 
Baxa Farms Inc 
Joe Baze Family 
Cathey Bell 
William Bell Family 
Margie Bell Family Ltd 
Partnership 
Alex Benoit 
John Bentley 
Josephine Bernard 
Cynthia Berry 
Michael D. Berryman 
Larry Bible Family 
John Mark Binns Family 
R.E. Birch 
Robert Birch Family 
Johnny Bircher 
Minnie Laughton Birdson 
John K. Birdson Family 
Martin Bishop 
Larry Blackwell 
Larry Blair 
Boyd B. Blair Family 
Bobby Blanton 
Freddie Wayne Blassingame 
BNSF Railway Company 
Petrus A. Boekhorst 
Bokchito LLC 
Peter L. Boleneus 
Robin Elaine Boling 
Bonner Farms Ltd 



DISTRIBUTION LIST 
(Notice of Availability and/or SDEIS) 

Supplemental Draft EIS G-35 Keystone XL Project 

Gary L. Border Family 
Gene Borders Family 
Ronnie Borders Ltd Family 
Partnership 
Francis J. Boudreau 
John Boudreaux 
Stephen Bowen Family 
Wilma Boyle Adams Estate 
Ross Bozeman Jr. 
Kyle O. Bradley 
Billy Bradshaw Life Estate 
Robert Brady Family 
Deena Brand Family 
Richard Braniff 
Barney W Bray III 
Charles D. Brazile Family 
John Breard Family 
Raymond Breeden  
M.D. Brem Jr. Family 
Jackie Weems Brenton 
Family 
Rodney Brenton Family 
Daniel Brevard Family 
Barry Brewer 
Lillard P Brewer Jr. 
Billie Kathryn Brewster Family 
Cynthia Broadbent 
Joe Brocato 
George Brooks 
LeRoy Brooks 
John Brookshire 
Jimmy Broom 
Rose Marie Broussard 
Dennis Brown 
Curtis E. Brown 
Reese A Brown Family Ltd 
Partnership 
Eddie Brown Jr. Family 
Brown/Trueheart Ltd  
Hugh Brownlee 
W.H. Brumley Jr.  
Joe E. Brunson 
George Bryant IV 
Martha Buchanan 
Janet Bufford 
Duane Bull Family 
Gary Bullington Family 
Paul Burkett 
Mary Burnett 
Eveyln Marie Burrell 
Burt Farms Inc. 
Myrtle Burton 
James D. Burton  
James S. & Effie A. Burton 
Life Estate 
Mary K. Burton Ward 
Robert Bushnell Family 
James F. Butcher Family 
J. Holley Butler Family 
Brian Butterfield Family 
Nathaniel Bynum Estate 
Ennis Bynum Family 

James A. Byrd Family 
Audis Byrd Family 
C. Doornbos A & B LP 
Paul Cagle 
Caldwell Company Trust 
James R. Callan 
Camp Deer Run Inc.  
George Campbell Family 
Todd Cannon 
William Cantrell Family 
Antonio Carbajal 
Mark Carpentar Family 
Charles Carr 
Loranzo Carr 
Patsy Carroll 
Brent L. Carroll Family 
Cecil E. Carter Family 
Gerald Cartmill Family 
Don Case 
Fausto Castillo Family 
Randell Cawthon Family 
Cedar Bayou Ranch LP 
Centerpoint Energy 
Peter Cerbara Family 
Frank Chalfant 
Claudette Chandler 
Jimmy D. & Pearl F. 
Chapman Rev. Living Trust 
Robert L Cheatham 
William Cheshire 
Chevron Pipeline Co 
Ronald Childress Family 
William Childress Family 
Leonard J. & Carolyn J. 
Chlup 
Lee Roy Choice 
Curley Choice 
Reba Choice  
Robt C. Choice Estate 
Citimortgage Company Inc. 
B.F. Clark 
Henry Clausen III 
Edna L. Clendenon Family 
W.B. Clifton 
Donald Clifton 
Stephen Clinch 
Stein Clint Family 
James Cobb 
Beverly Cobb 
Glenn Cobb Family 
C.L. Cochran Jr. 
William S. Coffey Family 
Leon Coker Family 
C.A. Colbert Family 
Charles Coleman 
James L. Collins 
Allen Collins 
J.B. Collins 
Joe C. Collins 
Richard Collins Family 
Terry Colvin Family 
Edward Compere 

Kaywin Conley 
Conroe Creosoting Co. 
Robert Consford Family 
Alan Conway 
Enrique Conzalez Family 
James Cook 
Willie Cooper 
Raymond Cooper 
Larry L. Cope Family 
E.G. Cordts Jr. 
C.W. Corley 
Wayne Corley Family 
Ruby Cornelius 
Elizabeth D. Cornelius 
Jesse E. Council Marital Trust  
Dwight Courson 
Evelyn Cousins  
Homer Covington Family 
Leslie Cox 
Charles Cox Family 
Cox Rev. Family Trust 
Jason Kent Cox Family 
Jim L. Crane Family 
Marilyn Cranford 
Crawford Family Farm 
Partnership 
Crawford Family Trust 
James Crenshaw Family 
Jay Crew 
Robert Crook 
Fae Cross  
Thomas B. Crossland Family 
Elzie Crow Family 
Crown Pine 
Crown Pine Timber 1 LP 
Gary Crutchfield 
Mavis Dacus 
Sharron L. Daily Family 
Dal-Har Delivery Service Inc. 
Welton Daniel Estate 
Glenda Daniel et al 
Carolyn Daniels 
Judith Irvin Darling 
Carol A. Dauwe 
David Davenport Family 
James A. Davidson Family 
Sherman Lee Davis 
Bert Davis 
Wirt Davis 
Derrick Davis 
Ricky Davis Family 
Ruff E Davis Residuary Trust 
Wirt Davis Trusts  
Jajan Adair Davis Family 
Dalton Davis Family 
Kimberli J. Dawson 
Murray Dawson Family 
Charles Dawson Family 
Gae Deahn 
Kathryn Diane Carr Deal 
Luke Deal 
David Deaton Family 
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Nico DeBoer Family 
Helen Decker 
David Dedoes 
Richard Deere 
Delay Z. Ranch, LLC 
Delco Trailers Ltd. 
John E. Deloach Family Ltd 
Partnership 
T.R. Denver 
Carl Dewitt Family 
Michelle Dial 
Charles A. Dickens 
Aart Van Dieden Family 
W.D. Dishman 
Frank Dittfurth 
Odis Divers Family 
F.E. Dixon Family 
DKL Trust 
Dobie Downs Delay 
R Allen Dodgen Family 
Brian Scott Dorner Family 
C.D. Dorroh 
Ted Douglas 
Marie Douglas 
Helen Douthitt 
Clayton Downing Family 
James M. Dozier Estate  
Mark Daniel Drupp Family 
Will Drye Family 
Harold Dudley Family 
Freddy Duff 
Bertha Duncan 
Henry Doyle Duncan 
C.J. Dunn 
Marjorie Dunn 
Annette Dunton 
DV Land Interest LP 
Doug Dvorman 
Norman W Eckhardt 
Bob Ehl 
Terry Elder Family 
Eleven B. Phelan LLC 
Samuel Elizondo  
Patsy Elliot 
Mary Ann Elliott 
Billy James Ellis 
Carolyn Emery Rev. Living 
Trust 
EMTWO Holdings LLC 
Enbridge 
Enbridge Pipelines LP 
ENOGEX 
Shirley Faulk Enos 
Walter Enos 
Randall T. Epps Family 
Equistar Chemicals LP 
Geraldine Espinor 
Martin Espinosa Family 
Pedro Esquivel 
Juan Estrada Family 
Exxon Corp. 
F.L. Tucker Ltd  

James Fair 
George B. Fairchild Estate 
Eleanor Fairchild Family 
Fairway Ranches Ltd 
Shirley Farrell Family 
Terry Faver 
Gary Ferguson 
Ray Ferguson 
Molly Ferris 
Kenneth Fielder 
R.C. Fincher 
Andrew P. Fisk 
Jeffey Nelson Fite 
Jerry Vance Fite 
Christine J. Fletcher  
Raymond Fletcher Family 
Jamey Flick 
Jammie Flick 
Jean Folmar 
Marcus Folmar  
Edgar Folmar Estate 
Clyde Folmar Jr.  
Royal Ford 
Lottie Foster 
Ercel Fowler 
Dave Franklin 
Marvin Franklin Family 
James Fransen 
Keith Frazier Family 
Robin Lynn Frazier II 
Donna Freeman 
Nettie Lorene Freer 
Lynn Fregia 
James Fregia 
Rose Lee Fregia 
Jerry Fregia Family 
Edmon Fregia Family 
Jimmy Fregia Family 
Jack French Family 
Dr. Dave Freuh Family 
Frobese Family Partnership 
Ltd  
Rafael Fuentes Family 
G.D. Hill Estate  
Terry Gallagher 
James Earl Garland II 
Kerry Garmon Family 
Kenneth Garner 
Trevor Garrett 
David Garrett Family  
James Garrett Family Life 
Estate 
Marvin M Garrett Family 
Kathleen C. Garrison 
Garth Enterprises Inc. 
Lillie Mae Gates Estate 
Michael Gaus 
Mary Gay Corporation 
Jimmy Gee 
Janice George 
Catron George 
Anthony S. Geraci Family 

Alfred Giancotti Family 
Henry Gilfillian 
Joe Gilliean 
Timothy Purcell Gilpin 
Gwendolyn Gitcheway 
Lester Glaze Family 
Ernest Goad 
Charles Godwin Family 
Steven L. Goodwin 
William Gorman Jr. 
Goldie Govan 
Paul Goyne Family 
Wesley Graham Family 
Graham-De La Garza Family 
Ltd 
Heath Grammier 
Shirley Graves 
Robert Greene 
Jean Greenwood 
Larry Greer 
Jack Gresham 
Jay Gresham 
Thomas Gresham Family 
Grey Duck Hunting Club Ltd 
Grider Family Trust 
Othorene Griffith 
Bruce Griffith Family 
Wayne Grissom Family 
Brenda Kay Grooms 
Douglas and Joyce C. 
Grubbs Rev. Living Trust 
Ballard Guest 
H2WR Inc. 
H.P. Williams EST 
J.P. Hall Family 
Johannus Hamberg Family 
Barry Hamblett 
Harry Hamblett 
Dale Hamblett 
Boswell Hamilton 
Jimmy Hamilton Family 
William Hamilton Jr. 
Elise Hammack 
Bobbie Hammond Family 
Lessie B. Hampton Estate 
Ben Hancock 
John Hancock Life Insurance 
Company 
Hancock TBR 
Gary R. Hardy Family 
Jack Hargrave Family 
Marvin Harman Family 
Lawrence Harper 
Charles Harper Family 
Joe D. Harpold Family 
David Harrell 
Fred Harris Family 
Joe D. and Frances Harris 
Family Partnership Ltd 
Danny Phillip Harrison 
Charles Noel Douglas 
Harrison 
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Charles Douglas Harrison Jr.  
Jack Hartel 
Phillip Hartliep Family 
Edna L. Harvey 
Doug Harvey 
Douglas Harvill Family 
Patrick Hast 
Clifford Hathaway Family 
Jonathon Hawkins Family 
Greg Hayes 
Raymond L. Haygood 
Douglas Haygood Family 
Harry Heard 
Laurencia Hebert 
Hannah Sue Hedgpeth 
Johnny Heiskell 
Mark B. Henager Family 
Simon Henderson III Trust 
Ronald Hensinger Family 
Ray Henson 
Jose Guadalupe Herrera 
Family 
Frank Herring 
Youness Heydary Family 
Billie Jean Hickman 
Joan Hicks 
Donald Hicks 
E.F. Hicks Estate 
Rebecca M. Hightower 
Billy Hill 
Raymond J. Hill 
Lucille Hill 
Johnathan Hill Family 
Raymond Hill Family 
Raymond Hobbs 
Robert Hobbs 
Edward Hodges Family 
Sherry Hogberg 
David Holland Family 
Monroe Holloway Estate  
John Holmes Family 
L.A. Holmes Family 
Allen Holmes Family 
Bryan Eldredge Holt  
Jerry Glynn Holt Family 
Mark S. Hoon Family 
Frederick Hooper Family 
Kelly Hoover 
Richard Hoover 
Althea Hoover 
Geo Horn 
Paul Z. Hostetler 
Donald Richard Houston 
HSH Properties Partnership 
LP 
HT VII Texas LP & HT VII 
TRS, Inc.  
Petrus Hubertus Family 
Mike Huff Family 
Diana D. Hunter  
Hunzeker Family Trust  
Imperial RR Ltd 

Jason Ingram 
Sharwon Ivy 
J Sessions Ltd. 
Jackson Heath Education 
Fund Trust 
Roy Lee Jackson Family 
Sherri Jacobs 
Harold Jacobs  
Charley Fern Jacobs Estate  
Joshua Jacobsen 
Kenneth James 
Wesley P & Karen T James 
Albert Jannise 
Jar Partnership  
Thomas & Patricia Jefferies 
Living Trust 
William Jefferson 
Barbara Jenkins 
Philip A. Jensen Ltd. 
Partnership 
James D. Johnson 
Robert E. Johnson 
Pamela Lynn Johnson 
J.C. Johnson 
Sherman Johnson 
John Johnson Family 
Johnson Family Partnership 
Doris Johnston 
Sola Faye Joiner 
Mark Joines 
Mark Joines Family 
Joe Joines Family 
Michael J. Jones 
John L. Jones 
Gary Jones Family 
Leon Jones Jr 
Jelle Jongsma Family 
Paul Jordan 
Jimmy Jordan 
Scott Jordan Family 
Dan Julius Family 
William R. Justiss 
Nola Keeton 
Karla Kellerman 
Steve Kelley 
Carrie Kelley 
Addie Kelley 
Mark Kelly 
Kenley & Singletary  
Clay Kenley and KDH Family 
Ltd. Partnership  
Eva Kennedy 
Stanley Kent Family 
Samuel Kerl Jr. 
KH Land Co. Ltd. 
Clarence J. Kidd Family 
Bruno Killingsworth Family 
Mitzi Kinder 
Kinder Morgan Tejas Pipeline 
LP 
Mary King 
Sherman King Family 

Kevin Kingery 
Peter Kipridis 
Marie Kleam 
William Kleam Family 
James M. Knickbocker Family 
David Knight Family 
Barbara L. Knightley Trustee 
Thomas J. Koch 
Kenneth Koon 
James Kotz 
Patti Kroll 
David Laas 
Jackie Lacy 
Eulalia Lacy 
Darrell Laird 
Julie Lam 
Kerry Lambert Family 
Estate of Billie Landers 
Terry Lane Family 
Lane David Lane Family 
Mike Lane Family 
Shirley Langford  
Keith Langston Family 
Robert Lanham 
James Lanham 
Laporte Land Co.  
L.R. Law 
Layne Family Trust 
Daniel Leal Family 
Katherine Leary 
George Lee 
Christopher Leman Family 
James Lemelle Family 
Lemon Family Partnership 
Ltd  
Roger Leonard Family 
LF GS Trust 
Lilbert & Looneyville Water 
Supply Corp  
Susan Mary Lindholm 
J.G. Lindley 
Billy Joe Lindley 
Hubbard Linthicum 
Marilda Lively 
Jessie Locker Jr. 
Carolyn Lopez 
Leonard Lott Family 
Melvin Lowe 
Ernest Lowe 
Michael Lowery Family 
Paul Lowry 
Dan Lowry 
Helen Lowry 
Ray Lowry 
Steven Lowry Family 
Gerry Lozeman Family 
Alan Luce Family 
Lucky Base Ranch Inc. 
Leslie Lundell 
Lusk Family Trust 
Gladys Ruth Lyle 
Joe Jack Lyle 
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Lyondell Chemical 
Imelda Mabire 
R.D. MacDonald Family 
Jerry Madison Family 
Jeffrey Nelson Fite Mahan 
Kimmer Mahan Estate 
James Robert Mahan Family 
Robert Mainord Jr. 
Charles Mallicote Family 
Berlon Manry 
Manulife Insurance Co. 
Marlin Timber LP 
Vernon Marsh 
Gannon Marsh 
Robert Eugene Marshall 
Earl Marshall Family 
Guy Marshall Family 
Claude Martin Jr. 
Donald Marza Family 
Joe Donald Mashburn Family 
Morine Massenburg 
Roger Dale Massey 
Ronald C. Matson Family 
Joseph Maxted 
Maynard Properties LP 
Jerry Maynard Family 
James Mays 
Hollis McAdams Family 
McAdams Properties 
Edward McAlvain 
C.R. McAndrew Family 
Carla Don McCaherty  
Carol Rae McChesnea 
Family 
Daniel McCormick 
Walter McCown 
Eugenia McCoy 
Deanna McCullah 
Shirley Marie McCurdy 
Charles Douglas McCurdy 
Morris E. McCutcheon Family 
Brenda McDonald 
Kevin McElroy Family 
Alexandria Clark McGee 
R.J. McGehee 
Christopher McGinnis Family 
Joy Kay McManus 
McManus Land and Timber 
Company I Ltd 
Frank McMillan 
Janie McVicker 
Jeane R. McVicker Living 
Trust 
Larry Mead 
Larry Means 
Roger Megason Family 
Melancon Childrens Trust 
Eddie Melasky Family 
Daniel Merando 
T.D. Merrell 
William Messer 
Mickey B. Phelan LP  

Micro Enterprises Inc. 
Robert E. & Rebecca 
Middleton Family 
Robert Miklossy 
Bryan Miller 
Nancy Miller 
J.S. Miller 
Edward T. Miller 
Latricia Ann Miller Family 
A. Darnell Mitchell 
Scott Mitchell 
Berk Mitchell 
Ray Mitchell Family 
Cheryl Mitchell Family 
LaFray Mitchell Family 
Sherman Mitchem Estate 
Mobile Pipeline Co. 
Modern EPC Inc. 
Charles Modisette 
Donnell Moore 
Vannita Moore 
Georgia Ann Moore 
Jackie Moore  
James Moore Family 
James Robert Moore Family 
Williard Moorman 
Michael Mann Morgan 
Margie Morris 
Ollie & Lafayette Morris 
Barbara Morrison 
Tammy C. Moss 
Johnnie Mae Moss Estate 
Peggy K. Moss Family 
Raymond Mott Family 
Charles McNeil Mount Estate 
Mount Zion Farm LP 
Muecke - McAdams Texas 
Ltd  
Marilyn T. Mueller 
Ernestine Mullinax 
Jorge Munoz Family 
Michael Muphy 
Doris Murray 
Norman Murray 
James Murray Family 
J.W. Musslewhite 
John Ed Nabors Family 
William Nail III Family 
Matthew Neal Jr. 
Neches River Corridor LP 
Newman Neeley Family 
Nellie M. Parker Life Estate 
Allen Nelson Family 
Nestle' Waters North 
America, Inc. 
Lenton Newman 
Melissa Newman 
Luan K. Nguyen 
James Nichols Family 
Jason M. Noll Family 
Wanda Norris 
Candra Norris 

Bryce Nutt Family 
George Oats Family 
John O'Connor 
Yana Ogletree 
Leon O'Guin Family 
Oil Tanking Beaumont 
Partnership 
Donnie Okry Family 
Sammy N. Oldham 
Amelia Dairy-Jongsma Olke 
Family 
Wendell O'Neal Family 
Mark Onley Family 
Joseph & Louise Ornelas 
W.J. Osburn Family 
Issac Osinga Family 
Auke A. Osinga Family 
Cynthia Overstreet 
Mattie Francis Owens 
P & H Farms of Texas Inc. 
P.P. Logan Estate 
Paul R. Pokladnik Family 
Bobby Painter 
Panola Pipeline Inc 
Brian Parent 
Samuel Parker 
Thomas M. Parker Family 
Ida Parks 
Lloyd L. Parks  
E.J. Parks Family 
Richard Parrish 
Michael & Eric Parrish 
Frederick Parsons 
Kenneth Patrick 
L.A. Patterson 
Brenda Patterson  
Patterson LP 
Lynn Patterson Family 
Paul A. & Karen A. 
LaFlamme Rev. Living Trust 
Coy Payne 
George Weldon Payne Jr. 
Family 
Bill Permenter 
Lester Perry Family 
Thomas Peters 
J.H. Phelan 
Patrick Phelan Family 
Rudolph Phillips 
Clinton Phillips EST 
Keven Phillips Family 
Pica Investments Venture 
LLP 
Nina Pierce 
James H. Pierson Trust 
Family 
Pine Island Properties LLC 
Pinehurst Partners I LLC 
Bryant Pixley Family 
Charles Placker Family 
Plains Resources Inc. 
Douwe Plantinga Family 
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Pleasant Hill Farms LLC 
Euguene & Laura Pleasant 
Living Trust 
Joe Polinskey Family 
Matthew & Molly Pool 
John M Powell 
Premcor Pipeline Co. 
John Price 
David Parry Price Family 
Bobby D. Price Family 
Johnny Priestly 
Rachel Prince 
Byron A. Prince Family 
Nell Pritchard 
Joseph Prud'homme Family 
Evie Mae Pruitt Estate 
Jerry Pryor 
Questar Corp 
B.E. Quinn 
Kenneth Ratliff Family 
Rawls Construction LLC 
NJ Rawson 
Billy Thomas Ray 
Ellis Ray 
Billy Ray Family 
Rayonier Texas LP 
William Allen Read 
Ronald G Reed 
Renny Reed Family 
Ronald Reegan 
Reklaw Duck Club LC  
Rescue Concepts Inc. 
Ernest Reuter Jr. 
Jean Reynolds 
Jerry Richard Family 
William Richardson 
Shirley Richey 
George R. Richie 
David Ridley Family 
Clif Rieken 
Rowdy Rieken Family 
Right Way Sand Co. 
Freddie Risinger 
Ritter Ranch LLC 
Riverby Land & Cattle 
Company LP 
RMS Texas Timberlands I LP 
Steven Roach Family 
Ronald D. Robinson 
Gregory Rodgers 
Joseph Rodgers Family 
Alfredo Rodriguez 
Jeanette Rogers 
Gary R. Hardy Family 
Joe Ann Root 
William N. Rouse 
RT Stevenson Estate 
James Ruby 
Billy Jo Rucker 
Wiley Rudasill 
Charles Runfola 
Giles L. Rusk 

Sherry Russell 
James L Russell Family 
D.E. & E.L. Ryan Living Trust  
S & JA Texas Ltd. 
Jeffery Sackberger 
Gerald Sadler 
Sadler Estate 
Phillip Sadler Family 
Dennis Sadler Family 
Billy Sage 
Fred Sage 
Jonathon Sage 
Fred Sage Jr. 
Carlton Sage Jr. 
Lee Sailer 
Luca Salas Family 
Louis Sanchez 
Michelle Sandoz 
Lee Roy Sanford 
Marjorie Sanford Family 
Frances Schaefer 
Jeffery Schaeffer Family 
Shawn Schmidt 
Larry Scogin Family 
Gary Scott 
Jack Scott 
James W. & Katlyn Scott  
Blanch L. Seaberg Estate 
Tony Sebring 
Ronald Serven 
Joel Sessions 
Mable Sessions Estate 
Rube Sessions Family 
Timonthy Sexton 
Earl Joe Shaddox Family 
Earl Joe Shaddox III Family 
Jimmy Shane Family 
Charles Sharpe Family 
Marie Shaw 
Minnie Shaw 
Quinton Sheffield 
Mike Shelton 
A. Paul Shelton Estate 
Mary Shelton Estate 
James Ray & Melba Shelton 
Rev. Liv. Trust 
Heirs of George Sheppard  
Rickey Shipp 
Ronny Shirley Family 
Mike Shumaker Family 
Michael Shumway Family 
Dicky Shuttlesworth 
Frank Sides 
Shannon Sieber 
Carl Sieber 
Scotty Sieber Sr. 
Siebert Family Trust 
John Sirman Family 
Tom C. Skeen Family 
James Smesny Family 
Dennis Smith 
M.L. Smith 

James Smith 
Susan Ann Brown Smith 
Estate 
Danes Smith Family 
Lee Roy Smith Family 
Charles Smith Family 
Mary Emaline Smith Life 
Estate 
Kim R. Smith Logging Inc 
Fred H. Smith Family 
Eddy Smith Family 
Southeast Loan Associates I 
Southwest Oilfield Product 
Southwood Timberlands Corp  
Gordon Speer 
Peggy R. Speights 
Cameron Spencer 
Dr. Dan Spivey 
Gene A. Sponsler Rev. Living 
Trust 
Marta Stagg 
J Howard Stagg 
Douglass Stahl 
Ronald Stallings 
Joe Stanton 
Staples and Nutt LLC 
Starrville Cemetery Assoc.  
Starrville Methodist Church 
Joe Staton Timber Prop. 
Joe B. & George Staton Trust 
Carl L. Steffey Family 
Felix N. & Clara Stephens 
Jason Lee Stephens Family 
Robert S. Stewart 
George Stich 
Frederick Stiner Family 
J B Stokes 
Larry Stokes Family 
Joseph & Rosalie Stovall 
Rev. Trust 
Thomas Strickland Family 
William P. Stuart Family 
Estate of R.L. & Emma 
Sturns 
Homer Sturns  
Henry Sturns Family 
Mark J Sullivan  
Sunoco Partners Marketing & 
Terminal LP 
Sunoco PL LP 
Timothy Earl Sutton Family 
Louis Tallant Family 
Steven Tallent 
Tallow Lake FLP LP 
Stanley G. Tatsch Family 
Oleta Ray Taylor 
Ronald Taylor 
James Taylor Family 
Marcus D. Taylor Family 
Tepco 
Tereno Investment LLC 
Terra Nova Development Inc. 
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Joe Tew 
Texaco Inc. 
Texas Rice Land Partners 
Ltd. 
Texas Timberlands II Ltd. 
Wilbert Thibodeaux 
Eugene Thibodeaux Sr. 
Family 
Douglas Thomas 
Mike Thomas Family 
Ralph D. Thomas III 
Robert Thomas Family 
Gerri Thompson 
L.G. Thompson 
Carl Thompson 
Lois Thompson 
Rex Thompson 
Thomas Wade Thompson 
Gary Thompson  
James Thompson Family 
Jerry C. Thompson Family 
Chas E. Thompson Jr. 
Jerry G. Thornton Family 
William Timmons 
Mary Tipps 
G.W. Tipps Jr. 
Tipton Rev. Trust 
Vincent Todd 
W.T. Toney Jr. 
Noel Anthony D. Towers 
Sandra Towne Family 
W.D. Townley & Son Lumber 
Co. Inc. 
Eula May Trahan 
Treadwell Land & Cattle Co. 
Daniel Troutt Family 
Steven Truman Family 
Nancy Granados Tubb Family 
Darrell E. Tubb Family 
Steven Darrell Tubb Family 
Andrew Tucker 
Charles Tuer 
Billy R. Tutor 
Coy D. Tutt Family 
Charles Twitty Family 
Tytex Properties 
Enamadeen Unus Deen 
David L. Usrey Family 
Armando Valdez 
Araceli Valdez Jr. Family 
Harrell Vanis Sr. Family 
Gene Vanmeter etux 
Minnie Pearl Vaughn 
Betty Vaughn 
Donald Vaughn Family 
Preston Vazquez 
Bill Vest Family 
Glenn Vickery 
Jessica Vickery Trust 
Villa Utilities Inc. 
David Vines 
David Vines Family 

Matt Vines Family 
Danny Vines Family 
Waddleton Family Trust 
G.L. Wade 
Stanley Wade 
James Whitfield Wade  
Linda Payne Wade Family 
Garon L. Wade Family 
Jesse Waggoner Family 
Richard Waitkus 
W.M. Waldrop 
A.M. Walker 
David Walker 
Calvin Wallace 
Charles Wallace Family 
Benjamin Wallace Family 
Wallisville Ltd 
Eunice Walls 
Robert B. Walters Farm Trust 
Arlen Ward 
Debra D. Ward 
Charline Wareham 
Bonnie Warner 
Robert Warner Family 
Jimmie & Willie Warren 
David Washington 
Burnell Waters 
William Watson 
George Webb 
Harry Webb Family 
Carolyn Weems 
Purvis T. Welch 
George Welchimer Family 
Robert Wessman 
Donald West 
James B. West Family 
Richard Wheat Family 
Kenneth Wheeless 
W Kenneth White 
Billy White Family 
Rob White Family 
David Mike Whitley 
Ray Whitman Family 
L.R. Whitten Family 
Charles Wilkins 
Laura Williams 
Doug Williams 
Jeffrey M. Williams 
Williams Terminals Holding 
James Douglas Williams Jr. 
Dee Ann Williamson Living 
Trust 
LeRoy Willits 
Price Wilson Estate 
Todd Wilson Wilson Family 
Nelda Winchester 
Bill & Dolores Winkle Family 
Anthony Winkle Family 
Duane Womack 
Joel Wood 
Kenneth H. Wood Family 
John W. Wood Family 

Woodfin Brothers 
Tracy Woodruff Family 
Dean Boyd Woods 
Carl Worden 
Daniel B. Worden 
Evan Woulms Family 
Wilson Wright 
Leslie B. Wright  
Mark Wright Family Limited 
Partnership 
Craig Wright Family 
XTO Energy-Cherokee Ridge  
M.H. Yates 
Larry Yates 
Gus Yates Family 
Isaacs Ybarra 
Patricia Yeager 
Tony Yielding Family 
Sheila York 
Matilda Young 
Juan Zabala Family 
Johnny M. Zobax 
 
Utah 
Avis Light  
Robert M & Yvonne M Neary 
 
Virginia 
Joan Breen Family  
Nancy A. Hackney & Julie H. 
Moore Rev. Living Trust  
George Lea  
Nancy McClintock  
Thomas & Catherine 
Songster 
Doreen Spiegel 
John W. Varley 
Hallenberg James Weston 
and Family 
 
Washington 
Jean Bullock 
Ruth Evans 
Gibson Farms Inc. 
Jane E. Frye 
Denny L. Gibson 
Eugene Hahn Family 
Dan Hill 
Donald Lynn Ingaham Jonas 
Loren Lindell 
Lee McDonald 
Meretta J. Mikkelson 
Lenny D. & Wilson R Monta 
James L. Murat Family 
Ruth M. Walberg 
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MONTANA 
Dodson Branch Library 
121 2nd St. East 
Dodson, MT  59524 
(406) 284-3341 
 
Phillips County Library 
10 S. 4th St. East 
Malta, MT  59524 
(406) 542-2407 
 
Saco Branch Library 
201B Taylor St 
Saco, MT  59261 
(406) 654-2407 
 
Glasgow City County Library 
408 3rd Ave South 
Glasgow, MT  59230 
(406) 228-2731 
 
Opheim Community Library 
100 Rock St. 
Opheim, MT  59250 
(406) 762-3213 
 
George McCone Memorial 
County Library 
1101 C Ave, Circle, MT  59215 
(406) 485-2350 
 
Glendive Public Library 
200 S Kendrick 
Glendive, MT  59330 
(406) 377-3633 
 
Richey Public Library 
223 S Main St 
Richey, MT  59259 
(406) 773-5585 
 
Prairie County Library 
309 Garfield Ave 
Terry, MT  59349 
(406) 635-5546 
 
Fallon County Library 
6 W Fallon Ave 
Baker, MT 59313 
(406) 778-7160 
 
Sheridan County Library 
100 W Laurel Ave 
Plentywood, MT  59254 
(406) 765-2317 
 

SOUTH DAKOTA 
Northwest Regional Library 
410 Ramsland St 
Buffalo, SD  57720 
(605) 375-3835 
 
Belle Fourche Public Library 
905 5th Ave 
Belle Fourche, SD  57717 
(605) 892-4407 
 
Newel Public Library 
208 Girard St 
Newel, SD  57760 
(605) 456-2179 
 
Bison Public Library 
309 1st Ave 
Bison, SD  57620 
(605) 224-7252 
 
Lemmon Public Library 
303 1st Ave W 
Lemmon, SD  57638 
(605) 374-5611 
 
Faith Public Library 
204 West Fifth St 
Faith, SD  57626 
(605) 976-2262 
 
Sturgis Public Library 
1040 Second St 
Sturgis, SD  57785 
(605) 347-2624 
 
Hill City Public Library 
324 Main Street 
Hill City, SD  57745 
(605) 574-4529 
 
Keystone Town Library 
1101 Madill St 
Keystone, SD  57751 
(605) 666-4499 
 
Rapid City Public Library 
610 Quincy St 
Rapid City, SD  57701 
(605) 394-6139 
 
General Beadle Elementary 
School and Library 
10 Van Buren St 
Rapid City, SD 57701 
(605) 845-3797 
 
Haakon County Public Library 
140 S Howard Avenue 
Philip, SD  57567 
(605) 859-2442 
 

Midland Community Library 
401 Russell St 
Midland, SD 57552 
(605) 843-2158 
 
Rawlins Municipal Library 
1000 E Church St 
Pierre, SD  57501 
(605) 773-7421 
 
South Dakota State Library 
800 Governors Dr 
Pierre, SD  57501 
(605) 773-3131 
 
Presho Public Library 
108 N Main St 
Presho, SD  57568 
(605) 895-2443 
 
Kennebec Public Library 
203 S Main St 
Kennebec, SD  57544 
(605) 869-2207 
 
Colome Branch Library 
Main Street 
Colome, SD  57528 
(605) 842-1547 
 
Wall Community Library 
407 Main St 
Wall, SD  57790 
(605) 279-2929 
 
Tripp County Library 
442 Monroe St 
Winner, SD  57580 
(605) 842-0330 
 
NEBRASKA 
Keya Paha County Library 
Turbine Ave and S Main 
Springview, NE  68778 
(402) 497-2626 
 
Rock County Public Library 
400 State St.  
Bassett, NE  68714 
(402) 684-3800 
 
Atkinson Public Library 
210 W State St 
Atkinson, NE  68713 
(402) 925-2855 
 
O’Neill Public Library 
601 E Douglas St 
O’Neill, NE  68763 
(402) 336-3110 
 
 

Elgin Public Library 
503 S Second St 
Elgin, NE  68636 
(402) 843-2460 
 
Ewing Public Library 
202 E Nebraska St 
Ewing, NE  68735 
(402) 626-7348 
 
Garfield County Library 
217 G St 
Burwell, NE  68823 
(308) 346-4711 
 
Spalding Public Library 
141 St Joseph St 
Spalding, NE  68665 
(308) 428-2545 
 
Greeley Public Library 
117 S Galloway St 
Greeley, NE  68842 
(308) 428-4010 
 
Scotia Public Library 
Scotia and Greeley Ave 
Scotia, NE  68875 
(308) 245-3350 
 
Wolbach Public Library 
406 Center Ave 
Wolbach, NE  68882 
(308) 246-5278 
 
Albion Public Library 
437 S 3rd St 
Albion, NE  68620 
(402) 395-2021 
 
Cedars Rapids Public Library 
423 W. Main St 
Cedars Rapids, NE  68627 
(308) 358-0603 
 
Petersburg Public Library 
103 S 2nd St 
Petersburg, NE  68652 
(402) 386-5755 
 
Saint Edward Public Library 
307 Beaver St 
St Edwards, NE  68660 
(402) 678-2204 
 
Primrose Public Library 
229 Commercial St 
Primrose, NE  68655 
(308) 396-1414 
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NEBRASKA Cont. 
Fullerton Public Library 
903 Broadway St 
Fullerton, NE  68638 
(308) 536-2382 
 
Genoa Public Library 
421 Willard Ave 
Genoa, NE  68640 
(402) 993-2943 
 
Clarks Public Library 
101 W Amity St 
Clarks, NE  68628 
(308) 548-2864 
 
Palmer Public Library 
202 W Commercial St 
Palmer, NE  68864 
(308) 894-5305 
 
Silver Creek Public Library 
309 Vine St 
Silver Creek, NE  68663 
(308) 773-2594 
 
Central City Public Library 
1604 15th Ave 
Central City, NE  68826 
(308) 946-2512 
 
Giltner Public Library 
4020 N Commercial Ave 
Giltner, NE  68841 
(402) 849-2290 
 
Alice M. Farr Library 
1603 L St 
Aurora, NE  68818 
(402) 694-2272 
 
Kilgore Memorial Library 
520 Nebraska Ave 
York, NE  68467 
(402) 363-2620 
 
Gresham Public Library 
424 Elm St.  
Gresham, NE  68367 
 
Exeter Public Library 
202 S Exeter Ave 
Exeter, NE  68351 
(402) 266-3031 
 
Fairmont Public Library 
600 F St 
Fairmont, NE  68354 
(402) 268-6081 
 
 
 

Geneva Public Library 
1043 G. St 
Geneva, NE  68361 
(402) 759-3416 
 
Milligan Public Library 
424 Main St 
Milligan, NE  68406 
(402) 629-4302 
 
Virgil Biegert Public Library 
214 N Market St 
Shickley, NE  68436 
(402) 627-3365 
 
Sutton Public Library 
201 S Saunders Ave #1 
Sutton, NE  68979 
(402) 773-5259 
 
DeWitt Public Library 
208 W Fillmore Ave 
DeWitt, NE  68341 
(402) 683-2145 
 
Crete Public Library 
305 E 13th St 
Crete, NE  68333 
(402) 826-3809 
 
Dorchester Public Library 
609 ½ Washington Ave 
Dorchester, NE  68343 
(402) 946-3891 
 
Dvoracek Memorial Library 
419 W 3rd St 
Wilber, NE  68465 
(402) 821-2832 
 
Gilbert Public Library 
628 Second St 
Friend, NE  68359 
(402) 947-5081 
 
Struckman-Baatz Library 
104 N West Ave 
Western, NE  68464 
(402) 433-2177 
 
Perkins Library 
1014 Boswell Ave 
Crete, NE  68333 
(402) 826-3809 
 
Tobias Public Library 
101 Main Street 
Tobias, NE  68453 
 
 
 
 

Daykin Public Library 
201 Mary Ave 
Daykin, NE  68338 
(402) 446-7295 
 
Fairbury Public Library 
601 7th St 
Fairbury, NE  68352 
(402) 729-2843 
 
Stuart Township Library 
209 N Main St  
Stuart, NE  68780 
(402) 924-3242 
 
Plymouth Public Library 
103 N Jefferson Ave 
Plymouth, NE  68454 
(402) 656-4335 
 
KANSAS 
Washington Library 
116 E 2nd St 
Washington, KS  66968 
(913) 325-2114 
 
Clifton City Library 
104 E. Parallel Street 
Clifton, KS  66508 
(913) 455-2222 
 
Marysville Public Library 
1009 Broadway 
Marysville, KS  66508 
(785) 562-2491 
 
Seneca Free Library 
606 Main 
Seneca, KS  66538 
(913) 336-2377 
 
Morrill Free Public Library 
431 Oregon St 
Hiawatha, KS  66434 
(913) 742-3831 
 
Library District 1 
105 N Main St 
Troy, KS  66087 
(785) 985-2597 
 
Wakefield Public Library 
205 3rd St 
Wakefield, KS  67487 
(913) 461-5510 
 
Hope Community Library 
216 N Main 
Hope, KS  67451 
(785) 366-7219 
 
 

Potwin Public Library 
110 N Randall  
Potwin, KS  67123 
(316) 752-3607 
 
Douglass Public Library 
319 S Forrest St 
Douglass, KS  67039 
(316) 746-2200 
 
Derby Public Library 
611 Mulberry Road 
Derby, KS  67037 
(316) 788-0760 
 
Arkansas City Library 
120 E 5th Ave 
Arkansas City, KS  67005 
(620) 442-1280 
 
Oxford Public Library 
115 S Sumner St 
Oxford, KS  67119 
(620) 455-2221 
 
Burns Public Library 
104 N Washington Ave 
Burns, KS  66840 
(620) 726-5232 
 
Chapman Pubic Library 
402 N Marshall  
Chapman, KS  67431 
(913) 922-6548 
 
Clay Center Carnegie Library 
706 6th St 
Clay Center, KS  67432 
(913) 632-3889 
 
Bradford Memorial Library 
611 S Washington 
El Dorado, KS  67042 
(316) 321-3363 
 
Enterprise Public Library 
123 S Factory 
Enterprise, KS  67441 
(913) 934-2351 
 
Florence Public Library 
324 Main St 
Florence, KS 66851 
(316) 878-4649 
 
Herrington Public Library 
102 S Broadway  
Herington, KS  67449 
(785) 442-3078 
 
 



Library Locations for Paper Copy and CD Version of the 
Keystone XL Project Supplemental Draft EIS in the Government Documents Section 

KANSAS Cont. 
Marion City Library 
101 Library St 
Marion, KS  66861 
(316) 382-2442 
 
OKLAHOMA 
Perry Carnegie Library 
302 N 7th St 
Perry, OK  73077 
(405) 336-4721 
 
Fairfax Public Library 
158 E Elm St 
Fairfax, OK  74637 
(918) 642-5535 
Pawnee Public Library 
653 Illinois St 
Pawnee, OK  74058 
(918) 762-2138 
 
Bristow Public Library 
111 W 7th Ave 
Bristow, OK  74010 
(918) 367-6562 
 
Hugh Warren Memorial Library 
124 S Rennie 
Ada, OK 74820 
(405) 436-8124 
 
Alva Public Library 
504 7th St 
Alva, OK 73717 
(405) 327-1833 
 
JW Martin Library 
709 Oklahoma Blvd 
Alva, OK  73717 
(580) 327-1700 
 
Cushing Public Library 
215 North Steele Ave 
Cushing, OK  74023 
(918) 225-4188 
 
Drumright Public Library 
104 E Broadway 
Drumright, OK  74030 
(918) 352-2228 
 
Robert L Williams Public Library 
323 W Beech St 
Durant, OK 74701 
(405) 924-3486 
 
Newkirk Public Library 
116 N Maple Ave 
Newkirk, OK  74647 
(580) 362-3934 
 

Thomas-White Memorial 
Library 
129 S Main  
Perkins, OK  74509 
(405) 547-5185 
 
Ponca City Library 
515 E Grand Ave 
Ponce City, OK  64501 
(405) 767-0345 
 
Haynie Public Library 
1705 W Main St, 4308 NBU 
Prague, OK  74864 
(405) 567-4013 
 
Seminole Public Library 
424 N Main 
Seminole, OK  74868 
(405) 382-4221 
 
Stillwater Public Library 
1107 S Duck 
Stillwater, OK  74074 
(405) 372-3633 
 
Stroud Public Library 
301 West Seventh 
Stroud, OK  74079 
(918) 968-2567 
 
TEXAS 
Lee College Library 
511 S Whiting St 
Baytown, TX  77520 
(281) 425-6379 
 
Sterling Municipal Library 
Mary Elizabeth Wilbanks Ave 
Baytown, TX  77701 
(281) 427-7331 
 
Beaumont Public Library 
801 Pearl 
Beaumont, TX  77701 
(409) 838-6606 
 
Jefferson County Library 
7933 Viterbo Road – Suite 7 
Beaumont, TX  77705 
(409) 727-2735 
 
R C Miller Library 
1605 Dowlen Road 
Beaumont, TX  77706 
(409) 866-9487 
 
Mary and John Gray Library 
4400 M.L. King Pkwy 
Beaumont, TX  77705 
(409) 880-8118 
 

Willard Library 
3590 E Lucas 
Beaumont, TX  77708 
(409) 892-4988 
 
Jones Public Library 
307 W Houson St 
Dayton, TX  77535 
(936) 258-7060 
 
Allen Memorial Public Library 
201 N Beaulah St 
Hawkins, TX  75765 
(903) 769-2241 
 
Stratford Branch Library 
509 Stratford 
Highlands, TX  77562 
(281) 426-3521 
 
Liberty Municipal Library 
1710 Sam Houston Ave 
Liberty, TX  77575 
(936) 336-8901 
 
Sam Houston Regional Library 
& Research Center 
650 FM 1011 Rd 
Liberty, TX  77575 
(936) 336-8821 
 
Murphy Memorial Library 
601 W Church 
Livingston, TX  77351 
(936) 327-4252 
 
Kurth Memorial Library 
706 S Raguet 
Lufkin, TX  75904 
(936) 630-0561 
 
West Chambers Branch Library 
10616 Eagle Dr 
Mont Belvieu, TX  77580 
(281) 576-2243 
 
Franklin County Library 
100 E Main Street 
Mt Vernon, TX  75457 
(903) 537-4916 
 
Nacogdoches Public Library 
1112 N St 
Nacogdoches, TX  75961 
(936) 559-2970 
 
Paris Public Library 
326 Main St 
Paris, TX  75460 
(903) 785-8531 
 
 

Shepherd Public Library 
30 N Liberty St 
Shepherd, TX  77371 
(936) 628-3515 
 
Sulpher Springs Public 
Library 
611 North Davis St 
Sulphur Springs, TX  75482 
(903) 885-4926 
 
Tyler Public Library 
201 S College Ave 
Tyler, TX  75702 
(903) 593-7323 
 
Gilbreath Memorial Library 
916 N Main 
Winnsboro, TX  75494 
(903) 342-6866 
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